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This research thesis covers the latest research on renewable energy globally and focuses on the solar 
panel and biofuels market. 
 
A full macroeconomic analysis is done on the Chinese Taipei, and this results in some parameters which 
then become the basis of this research. The macroeconomic parameters are then put into a tabular form 
and applied to India, Turkey and Australia to see how much weight the analysis can hold and if there is 
enough data per country on the macroeconomic parameters chosen. 
 
This research thesis conducts a shorter, custom version of a macroeconomic analysis on a South African 
area, and considers the national Gross Domestic Product, pollution, length of transmission lines, weather 
factors such as sunlight and temperature and more. Following from this, a hybrid power system is 
developed under these circumstances and the information is compared with past research. 
 
A very informative discussion is then had as to what the model means on a macroeconomic scale and how 
it performs technically. The technical solution at this point has no economic barriers. Economics can be a 
tool and not a financial hurdle in the face of technological advancement. 
 
This research is interesting because it touches on so many countries, and covers various current 
renewable energy trends globally. It is detailed enough for the technical reader to get their facts whilst 
maintaining an easy enough structure for a non-technical person to read and realise where there are 
pockets of value. 
 
Finally, based on the results, it is found that economics that often limit what can be done in engineering, 
can be used to define and not limit what engineers do. A few recommendations are finally made to show 
how this work can be taken further. One is an analysis to see how the heat generated by a power system 
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1.0 Background to the study 
The United Nations (UN), South Africa (RSA), Thailand, Germany, Spain and many other countries are 
currently looking at renewable energy. Ever since the early 20th century, there is a need not only to 
produce more power for the global population but also to produce power in a fashion that meets the 
new global environmental standards.  
 
Majority of power today is produced form a single fossil fuel energy source, be it coal, crude oil or 
natural gas [73,80]. Extensive research is going into harnessing more sources and even combining the 
existing sources to produce energy. With the mixing of sources, comes the concept of hybrid. This is 
whereby more than one energy source is used, hence a hybrid power plant/hybrid power system 
would produce electricity from more than one fuel or energy source. 
 
This research will look at the leading energy reports, literature and macroeconomic surveys of various 
countries in various continents and economic data for different countries from global organizations to 
inform the current macroeconomic indicators. Current macroeconomic factors such as geographical, 
political, social etc. will be applied to investigating the economic feasibility of a hybrid power plant. 
Once the region under investigation has been analysed, the outputs will be used to inform a technical 
software simulation of a PV/Diesel hybrid power system. The aim is to use the economic factors, which 
often limit what engineers can do, to instead help develop a realistic hybrid power system model. The 
accuracy and usefulness of the results will indicate whether or not it is worth the extra time in doing a 
macroeconomic analysis before the simulation of a PV/Diesel power system. 
 
In the 21st century, a lot of work has been done in the field of fuels. This includes biofuels and even 
biodiesels. These fuels exhibit beneficial properties and this is useful for the advancement of 
renewable energy. Work has also been done on solar power. Solar panels that absorb the sun’s energy 
have been drastically dropping in price over the years. Also, many countries are adopting their use as 
the source of energy is completely free. Wind power has also taken a huge leap forward and countries 
like South Africa (RSA) [13] now have more wind power being installed to help the power demands. 
Countries with mountainous regions and large coastal areas are prone to stronger winds and thus can 
benefit from wind power. 
 
With such interest and even government subsidy measures in place for renewable energies, finding 
good mixes that suit a particular environment and climate is understandably a trending topic across 
the world. 
 
1.1 Objectives of this study 
1.1.1 Problems to be investigated 
The focus of this thesis is on designing a PV/Diesel hybrid power plant modelled in one geographical 
location. 
 
This work will model the power plant defined by certain macroeconomic parameters, such as new 




module prices. This plant will be modelled under a load pattern already defined by the region and its 
inhabitants.  
 
Problem statement: Do a macroeconomic analysis of an area and model a hybrid power plant for it. 
Focus on how economics affect the plant developed and compare the results of a new station with new 
economic inputs to current literature. 
 
1.2 Expected outcomes 
This research thesis expects to develop and use a macroeconomic approach to designing a HPS. Very 
little research has been found to do this, and perhaps there is good reason. This thesis expects to find 
that there is more accuracy and more reliability in a HPS developed through systematically doing 
macroeconomic research before making assumptions and technically modelling. 
 
This research aims to show a thought process of how to come up with a macroeconomic model of a 
HPS. The factors that often limit realistic design of a HPS using simulation software can instead be 
used to positively assist in such design. 
 
This research will be useful in RSA particularly, as it is a country that has been experiencing rolling 
blackouts due to power plants being overrun and their maintenance not being kept [13]. Looking at 
where a new power station can be placed assists government and their power supply pressures. 
Furthermore, using a Solar power system helps achieve the government’s renewable energy targets. 
Within RSA, this research will surely help inform how to take a macroeconomic approach to modelling 
a power system. This makes it more understandable for a non-technical person, municipalities and 
smaller Independent Power Producers (IPPs). 
 
1.3 Scope and Limitations 
For this research thesis, the focus is on macroeconomic factors that influence a PV/Diesel power plant. 
One such factor is the level of reforms made in each country to accommodate renewables as in the 21st 
century. 
 
A review of global renewable energy trends will be done. This will then set the pace for the review of 
macroeconomic parameters from general renewable energy sources.  Thereafter Solar PV/Diesel will 
be discussed and how it is affected by macroeconomic parameters such as diesel prices. Then, drawing 
from the global renewable energy parameters, a detailed macroeconomic analysis will be done for 
India, China, Turkey and Australia. Thereafter a less detailed macroeconomic analysis will be done for 
RSA. This thesis will model an ideal power system using input from the macroeconomic analysis. This 
thesis will determine if such a method will yield a better or more realistic system configuration than 
any previous study. 
 
This thesis will cover 
x Review of the latest advancements in global reforms supporting renewables; 
x A Solar PV/Diesel power system and the general issues that surround it; 
x A macroeconomic analysis of an environment for a Hybrid Power System (HPS); 
x Current trends in biodiesel; 
x Use of the macroeconomic model in at least three different countries; 




x Simulation of an area already simulated before, but now with new inputs. 
 
The scope of this thesis will not include: 
x Hybrid power other than PV/Diesel; 
x Power plant architecture; 
x Greenhouse gas and other harmful emissions; 
x Mechanical engineering processes behind Diesel power generation; 
x Chemical engineering processes in the HPS; 
x Controllers for the HPS; 
x Power flow simulation and measurement of the HPS; 
x Developing a new mathematical model for analysing a HPS; 
x Programming and coding done by the author; 
x Optimizing a hybrid power plant; 
x Mathematical modelling of a HPS; and 
x Biofuels in detail 
 
This thesis is expected to fulfil the problem statement by considering inputs from a macroeconomic 
scale, such as PV module prices, solar radiation and renewable energy targets.  
 
1.4 Plan of development 
The format of this thesis is broken down as follows: 
 
x Literature review: The latest literature on macroeconomic issues such as renewable energy, 
are discussed to give a macroeconomic analysis of our 21st century. Then the macroeconomic 
factors affecting the power plant are described such as renewable energy targets. 
x Macroeconomic model of HPS: This thesis will use the macroeconomic analyses of certain 
regions and expand upon them for a more complete analysis by using a full table of 
macroeconomic parameters. Thereafter a few key parameters that can be changed are 
identified and reasons for their change are mentioned. Finally, the hybrid model is simulated 
using HOMER. 
x Modelling and Analysis of HPS: This is already begun in the literature review, whereby the 
literature surrounding renewables is tabulated and filled with other latest research. This table 
will then be used for parameters for the region under consideration as the HPS is modelled 
using HOMER. 
x Discussion of results: A side by side comparison of each scenario under the old and new 
environments is done. The changes in the macroeconomic environment are discussed as to if, 
they yielded any substantial change. 
x Conclusion: The success or failure of this thesis to meet the objectives set out is discussed, 




2. Literature	  Review 
2.0 Global background to energy generation 
The advancement of human knowledge has brought the world far and one-thing remains; we need 
energy. This energy, in the form of electricity, is used for cooking, lighting, automating, traveling and 
mass-production. 
 
The United Nations Environment Program (UNEP) has indicated that approximately 2 billion people in 
the world do not have access to grid based electricity services [2], which is a great number. In 2007, 
the world was consuming one thousand barrels of oil per second [35] and by 2011, the world energy 
consumption rose to ten Terawatts (TW) per annum [25]. This is projected to be thirty TW by the year 
2050, which is sensible because to advance human development, electricity is known to be a key 
driver [2]. 
 
A few approaches to producing power in ways involving naturally occurring, freely available resources 
will be discussed in this chapter. 
 
2.1 Global energy scenario 
The biggest challenge in supplying over 1.5 billion people [2,7,8,17] without electricity access, is the 
economic investment required [2,91,94]. It is too expensive to erect the infrastructure for a scant 
number of people in mostly remote areas [2,8,11,17,27,67,93,95,99,136]. 
 
With an increasing global population and energy demand [5,20,32,33,54,67,99] there are many remote 
areas in developing countries that need sustainable energy [6,67,82]. The reality of most of these 
people is that the world has depleting fossil fuel reserves, fuel costs are rising and some countries are 
in economic recession [6,55,72]. Eighty percent of people in remote areas, mostly in developing 
countries, use wood for energy, which has led to deforestation [93, 95]. Essential commodities are 
reducing in supply and refuse disposal facilities are either inadequate or inefficient [6]. Supplying 
these people without connecting them to the grid is labelled mini-grid or microgrid. The impact of 
these microgrids in rural electrification is like the impact of mobile technology and wireless 
communication to the telecommunications industry [27].  Electricity access helps break the cycle of 
poverty [7] and renewable energy systems/sources (RESs) clean up the  air by emitting fewer 
pollutants [7,10,16,17,89]. Although there are other not so positive environmental impacts, which will 
not be listed here, RESs overall, promote sustainable development [64,80,96,99,103]. 
 
A	   recent	   review	   [80]	   states	   that	   the	   concept	   of	   ‘sustainable’	   includes	   reliability, environmental 
friendliness and cost effectiveness. Hybrid Power Systems (HPSs) and RESs seem to be the best in 
achieving this sustainability. This is because by diversifying the input sources of energy, there is 
redundancy so the reliability improves. The environmental friendliness is implied through the use of 
resources in the HPS that have fewer negative side effects than fossil fuels. The cost effectiveness is 
supported by some RESs not incurring energy input costs once constructed. For example, a 
Hydropower	   station	   uses	   running	   river	  water,	   or	   a	   solar	   powered	   station	  uses	   the	   sun’s	   rays.	   This	  





The	  concept	  of	  ‘renewable’	  implies	  power	  that	  is	  virtually	  free	  of	  emissions	  [2,32,67,85]. RESs release 
no Carbon Dioxide (𝐶𝑂 ) and other harmful gases into the atmosphere [7,72,89], which helps fight 
global warming [2,57] and the endangering of human life [18,72]. 
 
RESs have been used in everything from small isolated communities to large grid connected 
communities and even HPSs [6]. They have the benefit of being inexhaustible, cost effective and 
practical [8,11]. A few issues hamper the extension of the grid such as rough terrain [2,17,91] and the 
underdevelopment of the remote regions [2,11]. 
 
Many countries classified as emerging markets [6] experience the problems associated with access to 
electricity in rural areas. A few include Indonesia, RSA, Mexico, Saudi Arabia, China, India and they 
have found that bringing in RESs and HPSs is becoming viable [2]. In 1997, it was indicated that HPSs 
would be needed in the future for rural and remote areas [127]. These countries and others have 
infrastructure that needs primary energy to be useful in applications such as transportation, storage of 
medicines and vaccines, telecommunication and refrigeration of food [3,95,104]. Furthermore, 
supplying electricity to small industries and houses can create jobs and revenue generating activities 
[27,71]. Water and energy are two key basics for humans [31,80] and a prerequisite for economic 
development [34,81]. One method of supplying this much-needed resource to remote settlements is 
importing electricity from a part of the grid [18,108]. However, renewable energy that is not 
connected to the power grid is experiencing a massive uptake [3,5,71,77] and the cost of this 
electricity is proven to be low [6,8,72]. For example, in 2014 a Solar PV/Biomass HPS can operate at 
0.143 $/kWh [6], a Photovoltaic (PV) system can operate at 0.238 $/kWh [72] and an 8 kW Diesel 
system can cost 0.803 $/kWh [6]. This is not to compare the electricity cost with grid tied electricity, 
but it is to show the cost of energy is within a reasonable ballpark. 
 
Large industries, institutions and public enterprises funded the inception of the power industry [34]. 
With industrialization in the 1880s came electrification and this fully matured, years after World War 
II [34]. From the mid-1970s to the 2000s, there have been changes that have affected the cost of 
electricity (COE) [22]. These include higher interest rates, greater construction costs and greater 
volatility in the fuel market.  Since the 1970s oil crisis, renewable energy started penetrating 
worldwide [36,51,89]. According to the International Energy Agency (IEA), an internationally 
respected reference for energy markets, in 1980 the global primary energy demand was 7.2 [73,74]. 
However, in more developed countries, such as the United States of America (U.S.), billions of litres of 
fossil fuels like diesel are used for major operations such as locomotive transport and shipping 
[14,15,83,96]. This resulted in the world consuming 11.4 billion tons of oil equivalent (btoe) by 2005  
and in 2011, the IEA projected almost seventeen billion btoe by 2035 [106]. In the 2013 Energy 
journal, South Korea in Geoje	  Island,	  in	  2011	  installed	  the	  first	  prototype	  PV/Diesel	  HPS	  for	  a	  “Green	  
ship”	  [120]	  and	  found	  that	  it	  is	  feasible	  for	  a ship under one hundred tons [120]. 
 
The problems faced with non-renewables such as crude oil, natural gas and coal have led to a lot of 
research on low carbon alternatives [2,85,91,97,99,103]. Some problems with fossil fuels that have led 
to global concerns are: 
 
x Its depletion [2,29,54,80,98,71,156]; 
x Fossil fuels are the largest single source contributor to GHGs [33,16,33,54,76]; 





x Increasing costs; The price of oil per barrel is projected to be $133 by the year 2035 [35] and 
contributing factors are limited fossil fuel reserves and volatility of supply which are part of 
the demand-supply scenario [36,80,89,105]; and 
x Fluctuating fuel prices [71,108]. 
 
Furthermore, the increase in global population will only spur on the need for more power 
[2,5,20,36,80,82] and aggravate the rift between countries that rely and trade on oil and its by-
products [35,55,80,103], which further supports research that has a preference towards renewable 
energy [2,29,32,51,89,91,105,107].  One country that trades in Oil is Iran. According to its “Fourth	  
Five-Year	   Economic	   Development	   Plan”	   [7] Iran has been successful in electrifying almost every 
village with over 20 households [7]. Iran has since been developing technologies to electrify the ones 
with less than 20 households and that are too far for new transmission lines to be invested in just for 
them [7]. 
 
In light of the global warming challenge, the Kyoto protocol was formed in December 1997 [2,17] and 
160 nations signed the agreement to reduce carbon emissions. This reduction was to be achieved by 
the clean development mechanism and carbon taxes. More country specific energy policies exist to 
address Global warming, GHG emissions and other political issues [46,68,72,97]. 
 
There are two ways to deal with global warming. Firstly, prevent atmospheric pollution by using 
alternative energy technologies that do not have fossil fuels [76,80] and secondly, create technologies 
that actively delay global warming [18,22]. The easiest, currently pursued method is the first one. It 
includes energy efficiency, better fuels that use RESs and this has helped stabilise GHG emissions [18]. 
 
The past decade has seen aggressive growth in renewables [17,33,82]. Moreover, due to the sun and 
the wind being the most freely available natural resource, most literature focuses on using the sun and 
the wind’s	  energy.	  Looking	  at	   renewable	  energy	  sources	  which	  are	   replenished	  naturally	  and	   freely	  
available [3,29,32,54,85], such as biomass, hydro, tide, geothermal solar photovoltaic (PV) and wind, 
power can be produced in a way that is much more environmentally friendly [6,17,38,88,89,99]. Using 
such resources gives economic benefits, social benefits and benefits from many government incentives 
[6,71]. Production costs of renewables are also on a downward trajectory [72] due to optimised 
construction methods and freely available fuel sources like the sun. 
 
Furthermore, RESs have been reducing in price, making them more cost competitive [7,8,38] whilst 
the cost of diesel and other fuels has been increasing [105].  In some countries, oil, coal and gas are not 
only expensive but also politically regulated [16,80], which also supports the move away from these. 
The chairman of the Centre for Climate Change Economics and Policy at Leeds University [40] said, 
“the overall costs and risks of climate change will be equivalent to losing at least 5% of global GDP 
(Gross	   Domestic	   Product)	   each	   year,	   now	   and	   forever.”	   Across	   the	   globe,	   non-governmental 
organizations (NGOs) and environmental groups have begun promoting campaigns [64] such as 
“World	   environment	   day	   2008”	   in	   efforts	   to	   raise	   environmental	   consciousness	   around	   carbon	  
emissions, habitats and GHGs [64]. 
 
Another reason why a call to action is needed is because the IEA and the World Bank believe that, 
developing countries will need approximately five million Megawatts (MW) to meet predicted needs 
[19]. It is unquestionable that developing and already electricity-dependent countries can benefit from 
access [3,34]. Such energy demands, especially in rural areas, will bring huge infrastructure costs 




and more stress to any grid supplying or exporting power to these countries. Thus RESs will play an 
important role in lightening the burden on the grid and the demand for more fossil fuel [19,88]. 
 
Demand side management (DSM) is the process of tackling the uncertainties in load growth [22]. 
When this happens on a large and global scale, it now requires supply-side management to also be 
considered. When both of these are now considered, we have the concept of Integrated Resource 
Planning (IRP) [22]. With IRP, the optimal demand-side and supply-side measures are sought, in an 
attempt to meet the energy demands that lie within the jurisdiction of the electricity supply utility 
[22,40]. 
 
According to [22,67] the most relevant supply-side option to incorporate into any IRP is RESs. Since 
more than five years ago renewables have been forecasted as a solution against global warming and 
the increasing COE [22]. In order to develop any sound policy, past, present and future energy 
demands need to be taken into account [52]. National energy planning that takes into account energy 
efficiency [73] and a low environmental impact creates a more sustainable future for that nation. By 
the year 2050 the globe will need about twenty TW of energy from RESs to stabilize the 𝐶𝑂  levels in 
the atmosphere [25]. Also, for universal access to energy services that can be considered modern, the 
IEA estimates forty percent of new generation will need to be installed globally between 2010 and 
2030[27] and in 2012 there were one point three billion people in developing countries who have no 
access to the electricity grid [92]. 
 
The inadequacy of traditional fossil fuel and the demand for more energy makes energy security and 
supply concerns a reality. The U.S. Energy Information Administration's (EIA's) Annual Energy 
Outlook [188] stated in 2010 that in 42 years the world would run out of oil, in 60 years natural gas 
will be depleted and in 12 years coal will be finished. 
 
If one looks at only the technical demands of the globe and compares them with the potential energy of 
all RESs, it is postulated that renewables alone could power the world [19,24]. The inability to harness 
all this potential is often due to economic and technical reasons [19]. This research thesis addresses 
this idea specifically through this macroeconomic analysis before the technical model is then 
developed using renewables. 
 
Modern energy services are now a want from emerging economies. There are varying financial, 
climatic, political, institutional and cultural conditions across each of these countries [34]. Countries 
that already have power face their own unique challenges such as demand side management, because 
of the plethora of new devices being connected to the grid and consuming power [82].	  Since	  the	  1970’s	  
industrialization has spurred on energy needs and in the modern day, there is modernisation that 
spurs on the need for more energy in any country [85]. The energy situation of any country is an 
indication of the economic and social development [35,73,76,95] and quality of life [36]. 
 
Though RESs are not the focus of this research thesis, they open the door to the discussion of using 
other sources of primary energy and even combining different sources. Thus, HPSs can be 
conceptualised through multiple energy sources and one source in any HPS is often a renewable one. 
The reasons behind the popularity of RESs have been briefly discussed in a global context and now 






2.1.1 Macroeconomic research approaches 
As a country with one of the largest populations, China is a good place to begin to draw information 
from on some macroeconomic challenges. 
 
The Chinese renewable energy industry is experiencing unprecedented growth [4]. Since 2004, China 
has been looking at wind/solar HPSs with the purpose of feeding the grid. This endeavour calls into 
question many factors such as site selection, which in turn calls in energy and resource security, which 
in turn questions the societal, economic, environmental and meteorological aptness of any site for a 
HPS [4]. 
 
HPSs are large monetary investments and require technical skill. A macroeconomic look at a site will 
yield much needed information on the technical solution to be developed. Microeconomic will look at 
the individual power units and layout possibilities based on the macroeconomic outputs [4]. 
 
The macroeconomic issues around RES development were listed back in 2002, by [111] and the 
diagram is shown in Appendix B Figure B3. This information was used to deduce that more bottom-up 
support is needed to make solar PV a reality in the European Union (EU) [39]. This was also during a 
time when the Kyoto protocol measures were still being targeted until 2010 [39] and legislation of 
states was being developed. Currently, many of the policies have been put in place and the diesel and 
solar PV markets have since matured. The thought tree of [111] covered issues that were needed to 
develop RESs, but now a new set of parameters should be defined for a macroeconomic analysis. 
 
Macroeconomic analysis is choosing the most valuable area through considering the geographical 
location, social and economic conditions, traffic conditions, environment, natural resources, grid 
connection, etc. [4]. 
 
With such contradiction problems where there are multiple variables the Matter-Element Extension 
method can be used [4]. Taking information from site selection parameters and weights used in a 
mathematical method on PV/wind HPSs [4], some factors have been found to be pertinent to 
PV/Diesel macro site selection. These factors and such an approach will also be the base of the 
macroeconomic analysis to be carried out in this thesis. 
 
Table 2.1: Streamlined indices [4] 
First Class 
Indicator 
Second Class Index Description 
Natural resources 
Wind speed Speed of the wind (m/s) 
Sunshine days Sunshine days in one year (d) 
Gross solar radiation Accumulative value of solar radiation 
intensity (MJ/m2) 
Economic factors 
GDP The total value of goods produced and 
services provided in a country during 
one year 
Electricity demand Total demand of electricity in a certain 
range (MWh) 
Construction cost Construction cost of the hybrid plant 








Second Class Index Description 
Traffic conditions 
Traffic convenience degree The ease of getting to the power station 
using transportation 
Transmission line length Electricity transmission distances (km) 
Environmental 
factors 
Pollution Pollution degree during the construction 
period 
Energy saving/pollutant reduction Amount of Carbon, Sulphur and other 
pollutants that are not produced (tons) 
Social factors 
Load	  residents’	  attitude The attitude of the local residents to the 
plant 





Geological/topographic condition Geological and topographic condition of 
plant construction 
Land usage condition The complexity to get the land for 
construction 
 
Looking at Table 2.1, more parameters need to be added to have a fully relevant model of what to look 
out for on a macro level. This will be detailed in the theory development chapter. Table 2.1 above, took 
into account only nineteen sources [4]. 
 
A first class indicator is a topic that would cover the broader issue, which will then have other issues 
under it that are deemed second-class indices. 
 
From Table 2.1, six first class indicators then inform the second-class indicators: 
 
1. Natural resources: Resource status of the HPS sources e.g. Wind, Hydro, etc.; 
2. Economic Factors: The cost of construction and operation and the state of the local economy; 
3. Traffic conditions: The distance of the suppliers of equipment and the power plant itself; 
4. Environmental factors: The pollution during construction and operation of the HPS and the 
pollution that would have otherwise come from fossil fuels; 
5. Social factors: The attitudes of locals to the technology, the change in lifestyles and the social 
impact of the technology; and 
6. Geographical conditions: The availability of topographic conditions to support the system and 
the system’s	  impact	  to	  the	  local	  geology. 
 
Factors which influence renewable energy development are RES issues are put in a thought tree [111] 
in Appendix B Figure B3. Therein the issues to be looked at on a macro scale are: 
1. Geography of the region. Climate and weather such as rainfall and sunshine; 
2. Energy policies that may exist; 
3. Economic environment. Subsidies and cost of raw products such as fuel and PV modules; 
4. Government issues. Does the government promote green initiatives, what are the feed-in tariffs 
like, are there any targets of installation capacities, is the country subject to another law such 
as the Kyoto protocol; 
5. Technology: Is the grid capable of handling distributed generation, are there people who know 
how to use the technology; and 





These factors are pertinent and are similar to the factors used by [4] in their mathematical method. A 
study done on RSA in 2012 by [2] uses two parameters for economic feasibility modelling: The cost of 
diesel in the region and the climatic profile of the region. The latter is also covered in the latest 2013 
research by [4]. 
 
A 2014 study [6] on using rice husks in India for a PV/Biomass HPS looked at microeconomic factors 
such as: 
 
1. Replacement cost; and 
2. Component salvage value. 
 
As is done in research, some aspects require informed assumptions to be made in the absence of actual 
data. Reference [17] assumed the price of diesel, reference [132] assumed the inflation rate of Nigeria 
and in [6] the replacement cost of components was adopted from another prominent research paper 
in 2010. This is what [7,16,17,18] and a large number of other researchers do. As a researcher the aim 
is not to develop the software for modelling and so scant literature fully looks at the macroeconomic 
issues. Paradoxically these are eventually what decide what software inputs to give the engineers 
when they now do techno-economic research. This thesis will spend some time showing how certain 
assumptions are arrived at through macroeconomic analysis, before running a simulation.  
 
A latest 2014 research paper made a good point that not all macroeconomic factors can be applied in 
all contexts. This means that a hydropower station in Saudi Arabia and a diesel power system in Saudi 
Arabia will affect stakeholders differently and the relative importance of something like import costs 
will be different in Singapore versus RSA. 
 
The macroeconomic factors from the available research papers are: 
 
1. Technical 
1.1 Grid reliability and ability to rollout fast like in China where three hundred thousand people 
were electrified in twenty months [149]; 
1.2 Reduction in fuel dependence; 
1.3 Lack of knowledge on actual load profile results in oversized expensive systems [27,153]; 
1.4 Different protocols for equipment communication cause commissioning problems [153] hence 
it is advised to use a single service provider for remote power systems; 
1.5 Equipment should meet some minimum standards of quality [155]. 
 
2. Financial 
2.1 There is an increased willingness to pay for power when there is satisfaction such as fewer 
blackouts [153]; 
2.2 Financial incentives to construct HPSs [65]; 
2.3 It is often difficult to find a price per kW that is low enough for the consumer and yet high 
enough for the investor to realise a return [157]. 
 
3. Social 
3.1 Opportunity to create community businesses and raise the standard of living; 






4.1 Reduced noise and air pollution with a properly designed HPS [2,154]. 
 
5. Organisational 
5.1 Long distances to load centres pose installation and repair challenges [65,156]. 
 
6. Sustainability 
6.1 Diesel price is surging and PV components are becoming cheaper [27] however, many areas 
still use diesel because of its familiarity. 
 
In [75] and [159] a top-down approach is described. Figure 2.1 shows this method visually.  
 
 
Figure 2.1: Estimating renewable energy potential from the Top-down [159]. 
 
Figure 2.1 is pragmatic. It can be applied at a country or local level. Looking at solar radiation, then the 
land cover, then the cost of the system, is something that allows researchers to choose their own 
starting point and level of detail. 
 
A current reference [90] looked at islands and remote villages with a population under one hundred 
thousand people. One finding was that tourism is a key revenue driver in such areas. Furthermore, the 
common factors in characterising a system for each area were: 
 
1. Population: How many people live in the area; 
2. Economic activity: Does the community depend on subsistence farming?; 
3. Grid: Far and not connected to the grid or already connected to the grid; 
4. Load: The demand pattern and peak kW consumption; and 
5. Social: What are the possible impacts of having power and night lighting? 
 
Overall, there are six to eight parameters that can be addressed in a macroeconomic survey. The little 
research that exists has been addressed and the parameters have been observed. The theory 
development chapter will cover the design process of taking these parameters and using them in an 





2.2 Hybrid power systems 
HPSs are formed when there is a combination of at least two different power sources. This could be a 
RES plus a low-carbon resource [2]. 
 
The benefit of PV/ Diesel system is that it addresses the erratic nature of sunlight and the high price of 
fuel. Other technologies such as biomass and hydropower do not have such a great investment and 
market sentiment. Solar power is the future of energy [5] and looking at the European, American and 
Asian trends, other countries will eventually adopt it. 
 
The equivalent circuit of a PV/Diesel HPS with battery storage is shown below and this is an electrical 
mathematical model.  The mathematical models of each component will not be covered in this 
research. The load Impedance, Voltage and Current flow are shown in Figure 2.2. 
 
 
Figure 2. 2: Parallel PV/Diesel system equivalent circuit [112]. 
 
To make it easier to understand from a practical standpoint, the individual components and their 




Figure 2. 3: HPS Block diagram [116]. 
 
In Figure 2.3 the solar modules are the solar PV modules. More information relating to global pricing 
and trends can be found in [49]. The bidirectional inverter converts the Direct Current (DC) in to 
Alternating Current (AC). The diesel generator uses diesel to produce power. The AC load can be 
interpreted as the customers and the demand side management required therein. The battery in the 




relevant country grid codes, where relevant. The diesel generator also helps with this in PV/Diesel 
systems with battery storage. With a lot of distributed generation in a power system that is connected 
to the grid, local overvoltage can occur [117]. This means reverse power flow into the microgrid and 
this is most prone to far away, grid connected rural communities [117] where the transmission lines 
are of several kilometers in length.  
 
These days it is easy to generate and store electricity [8]. A diagram of a HPS installed in Kohjig Island, 
in Thailand, with a size of only 1.12m2 and a population of 502 houses [131] is shown in Figure 2.4. 
 
 
Figure 2. 4: PV/Diesel system in Kohjig Island [131]. 
 
The complexity of this system is minimal and it is used on a small island. This further shows how 
renewable energy generation is practical. 
 
A practical model of a PV/Diesel system without the batteries connected is shown in Figure 2.5. The 
image is from a very recent experimental study in Burkina Faso in Africa [117]. 
 
 
Figure 2. 5: Prototype of a power system in Burkina Faso [117]. 
  
Looking at Figure 2.4 and Figure 2.5 the idea of a PV/Diesel HPS should now be clear. It consists of four 
main components: diesel generator, PV modules, batteries and a converter [7].  HPSs are cost effective 
and reliable [10,11,122]. Remote communities adopt diesel generators because they are reliable and 
easy to handle [11]. 
 
A solar PV system becomes feasible at an average irradiation of 3-6 kWh/m2 per day [16,45], which is 




has lesser solar radiation although it is hotter in temperature [2]. This indicates that having a hotter 
area does not mean it is better for solar power. The use of solar power is varied across the world [93]. 
In Appendix A Figures A1 to A4, one can visually compare the global radiation levels of four countries. 
One can see where the solar potential is already very weak and probably not feasible based on the 
colours of the images. 
 
With a PV/Diesel system, there are two main costs: The cost of the PV array and the diesel fuel.  The 
diesel cost is always paid upfront and is irrecoverable. At best it can be hedged against however, that 
implies a financial risk and still an eventual payment for the product.  The initial capital cost of a PV 
system in a PV/Diesel HPS accounts for 80% of the total [16].  With PV panels, there is always a point 
where the installation has paid itself off regardless of how much it costs upfront. The cost of energy for 
a PV/Diesel HPS in Saudi Arabia is 0.178 $/kWh [45] and 0.214 $/kWh [71] and in Malaysia it is 0.239 
$/kWh [116]. 
 
Another key input for the HPS that is covered by the macroeconomic indeces Table 2.1, is	  the	  “General 
inflation	   rate”	   [116].	   It is	   impacted	   by	   a	   country’s	   GDP	   and	   their	   national	   debt	   hence	   the	  
macroeconomic survey covering GDP as an indicator is important in informing the RES. 
 
Software takes the inflation rate and simulates a system, its parameters and gives results according to 
their Net Present Cost (NPC) [7,119,137]. NPC is the cash cost of all present plus future costs 




   (2.1) 
where, 
𝐶  : Total annualized cost ($/year) 
CRF : Capital recovery factor 
i : Interest rate (%) 
Rproj : Project lifetime (years) 
 
HPSs generally exhibit lower costs of generation than using one source alone [6,71]. Diesel efficiency 
can be maximized and maintenance costs reduced, by the use of a HPS [11,16]. The cost of diesel can 
be exorbitant in rural areas [118]. Furthermore, in Saudi Arabia it has been found that the peak load 
can be met whilst still reducing carbon emissions by about 19% [16] through simply changing from 
diesel only to a HPS. In Malaysia [118] it has been found that if the price of diesel were to rise, the 
PV/Diesel HPS will be more economical than only running diesel, based on a 25-year projection and a 
6% interest rate [118]. 
 
In 1997, a forecast was made that using controllers would be the future of HPSs [127]. In 1999, [112] 
did an optimization of a PV/Diesel HPS using a controller developed in 1994 by [113]. The outcome 
was that the battery and inverter were found to be crucial in the system cost over its lifetime [10]. 
Hybrid system controllers that determine the best time to turn on and off a system [113] determine 
when the load gets supplied by the diesel generator [112]. This helps manage the performance of the 
economic lead-acid batteries and PV modules. 
 
PV modules are decreasing in price [49] and this plays positively in the design and cost effectiveness of 
a HPS. Installing the same HPS as another site in the world, but using today’s costs will yield a different 




is the one component that introduces political risk, price fluctuation risk, supply issues, transportation 
issues, greenhouse gas emissions, maintenance issues and more. 
 
The renewable fraction of the HPS in this thesis will be modeled in line with any local renewable 
energy strategies. Meaning, if the aim is to have 20% renewable energy by 2020, this research will not 
go below 20% for the PV array portion of the power produced in the HPS. In [121] it is stated that in 
order for a country to meet a renewable power generation target, the renewable energy has to be 
connected to the grid. This is not entirely true today; the existence of a RES and the fact it is supplying 
a village or user, is enough premise. Along with local renewable energy strategies, the GDP issues will 
be addressed in this thesis. For example, if the chosen region for the HPS is Nigeria.  A few facts would 
be detailed: 
 
x According to the Central Bank of Nigeria [134] in 2011, the interest rate was on average 10.5% 
[134] and in 2010 it was over 11% [134]; 
x Rebasing occurred on April 6 2014 [135], which shifted it from the 2nd largest to the largest 
economy in Africa; 
x January 2014 information from PricewaterhouseCoopers (PwC), a leading Audit, tax and 
advisory firm shows that the inflation rate of Nigeria is 7.5% [133]. 
 
In 2006, the Denmark government expressed its aim to be 100% independent of Nuclear and fossil 
fuels [87]. This task was placed upon the Danish Association of Engineers who then designed the 
model for this to be achieved by 2050 [87], which included doubling solar PV from 700 MW to 1500 
MW [87]. The achievements and efforts of the Danish have provided motivation for this research 
thesis. A country that is committed to developing engineers, RSA, can surely benefit from any energy 
model that this thesis will provide. 
 
In RSA, recent research on the optimization of a HPS [3] took an objective function such as the 
probability that the load will encounter and insufficient supply [3] and tried reduce the system cost 
based on this. This yielded a few interesting results as listed below: 
 
x Energy storage is important to ensure system stability [3] and hence the HPS modeled in this 
thesis will include battery storage; 
x Eskom Holdings SOC Ltd supplies	  over	  90%	  of	  the	  country’s	  electricity	  needs	  [13]; 
x Lead acid batteries are cost effective and have been widely used [3]; 
x When optimizing try go for the smallest possible energy storage [3]; and 
x In RSA, battery controllers are forecasted to be the most critical part of a RES [3]. This is good 
to know, because in other regions where there is only solar power, the Maximum Power Point 
Tracking module [11] becomes the most important. 
 
This thesis will not be optimizing, as stated in the scope, but the abovementioned points from the 





2.2.1 Biofuels in power systems 
The focus of this thesis is a PV/Diesel system, so the fuel for the diesel generator is an important 
aspect for the HPS model. One alternative for diesel is biofuel (biodiesel and bioethanol) and the 
literature surrounding this will be discussed. 
 
In 2012, the world produced 1.86 million barrels per day (mb/d) of biofuel [101]. This trend is 
projected to rise by 503 thousand barrels per day (kb/d) until 2018 [101]. This means that 4% of 
global road transport could be supplied by biofuels in 2018; however policy support from the EU and 
the Unites States of America (U.S.) will influence this [101]. As with solar PV, Europe is the largest user 
of biofuel [140] and	  if	  biofuels	  are	  the	  next	  renewable	  energy	  wave,	  then	  the	  EU’s	  adoption	  will	  again	  
be the reason for other countries like China, to put more effort into policies surrounding production. 
 
The U.S.,	  under	  the	  “Renewable	  Fuel	  Standard	  2”	  has	  a	  said	  maximum	  of	  84	  kb/d	  that	  can	  be	  produced	  
[101]. Brazil plans to ramp up ethanol production up to 76 kb/d by 2018 [101].	  Europe’s	  production 
was 230 kb/d in 2012 [101] and all of Africa only produces 4 kb/d and this might rise to 16 kb/d by 
2018. This is unfortunate because the African continent is neither picking up fast enough on the trend 
nor investing enough in it and by the time the industry matures, Africa could be left a consumer and 
not a producer and fall behind the RES curve. 
 
In the EU, U.S., China, Argentina and Brazil, there are tax incentives on biodiesel retail sales, tax credits, 
tax exemptions and government grants [101]. The most popular incentive for adoption is mandating 
that a portion of the total fuel sales be from biofuels [101]. This is one aspect that RSA has chosen to 
catch onto and by the end of 2016 there will be a minimum percentage of all fuel being from biodiesel 
[139]. Fuel retailers will have to have their fuel be mixed with a minimum amount of 5% Biodiesel and 
if the choice is to use bioethanol, the minimum mixing into the fuel must be between 2% and 10% 
[139]. 
 
In Figure 2.6, the global trend of biofuel production is shown with a tapering from 2010 to 2012 at 






Figure 2. 6: World biofuels production trend [140]. 
 
According to British Petroleum’s	  (BP) “Statistical	  Review	  of	  World	  Energy” [140], Brazil and the U.S. in 
2013 were the key drivers of the biofuel production rise by 6.1% and are the largest producers 
worldwide	  [140].	   	  For	  an	  idea	  of	  each	  individual	  country,	  BP’s	  2014	  global	  biofuels	  production table 
can be found in Appendix B Table B1. The table in Appendix B will be used in this thesis to model the 
HPS, provided the region under consideration actually is a producer of biofuels. 
 
In Southern Iraq a study was performed, funded by the U.S. Department of Energy, to try power a 
remote health clinic [129] using solar PV. A key finding was, the cost of electricity from diesel was four 
times higher than from PV [128]. Also with diesel prices rising from the 0.40 $/L to 1.00 $/L, the cost 
of producing electricity increased from $1.33 to $1.653 [129]. 
 
Keeping the diesel size of the generator the same and increasing the battery size will not reduce the 
cost of operation [128]. The load demand will determine the minimum cost [128] while the overall 
HPS capital cost is a function of the battery system capacity and generator size [128]. The key issue for 
diesel generators is variation in the load [128]. As is taught during the undergraduate degree and in 
[128] a machine must operate near rated capacity for greatest efficiency. 
 
There are a few sources of biodiesel, one is Jatropha which is a natural plant with seeds called Jatropha 
seeds.	  In	  China,	  the	  first	  paper	  focused	  on	  Jatropha’s	  systematic	  introduction	  stated	  that	  Jatropha	  oil	  
was	  first	  used	  for	  lighting	  and	  its	  milk	  for	  medicine	  [81].	  Since	  the	  1970’s,	  research	  surrounding	  it	  has	  
grown and private investment has spurred further growth [81]. Now there is a need that more 
Jatropha forests need to be planted. Partially because research in 2006 proved	  that	  Chengdu’s	  buses	  
could completely replace petroleum with biodiesel for transportation [138]. Research and investment 
from PetroChina and Sinopec [81] for Jatropha biodiesel technology have now, come into the following 
challenges since then: 
 
x The cost of labour was not in line with the market [81]; 
x Project funding was mismanaged leading to great designs being poorly constructed [81]; and 
x The purchase price, Three Chinese Yen per kilogram (¥/kg), is much lower than that of peanuts 





Jatropha biodiesel is now mentioned in China’s	   “Five-Year”	   plans	   [81].	   Also,	   the	   by-products of the 
biodiesel process such as glycerol are being put to use in organic fertilizers, biodegradable plastic and 
organic pesticides [81]. Jatropha biodiesel needs more subsidies and farmers planting to see the 
industry	  grow	  into	  a	  ¥18	  Billion	  industry	  by	  2017	  [81]	  and	  cost	  price	  drop	  from	  2012’s	  6000	  ¥/ton 
[81]. 
 
With biofuels in mature industries such as locomotive transport, social factors play a big role. In 
American railways, diesel is still used because the operators are familiar with it and there exists solid 
and substantial infrastructure around it [15]. With biodiesel, as seen in China where the farms are still 
not fully capacitated yet, the whole value chain needs to be trusted before a switch is made. In the US, 
research by the Department of Defense [15] has instead gone to developing a 12MW locomotive for 
freight using a Diesel/Battery HPS and most other U.S. research looks at using fuel cells [15]. It is noted 
that the biggest reason for the U.S. not amplifying biodiesel research and implementation is the 
investigating of the land use impact [152]. 
 
Research continuously indicates that biodiesel reduces particulate matter, Carbon monoxide and 
Sulphur dioxide emissions [141,148]. Samuel Morey in 1826 developed the first internal combustion 
engine that can run on ethanol [148].  
 
In 2008, B20 and B100 biodiesel managed to get a 40% reduction in CO2 emissions from a diesel 
engine. The name B10 means 90% of the volume mixed is from traditional fuel, B20 means 80% is 
from traditional fuel and B100 means 0% is traditional fuel whilst the rest is biodiesel. In this mixture, 
the biodiesel portion comes from various substances, often vegetable oils, making biodiesel a RES 
[141]. A general list of oils is shown below: 
 
x US: Soybean [141,144] Corn [148]; 
x EU: Rapseed [141]; 
x Malaysia: Palm oil [141]; 
x China: Jatropha [81] corn [148]; 
x India: Karanja [141]; 
x Algae [144,145]; and 
x Waste cooking oil [141] 
 
Biodiesel chemically, is triglycerides of vegetable oil or animal fat undergoing transesterification with 
methanol or another alcohol [142, 143]. The result of this reaction is the methyl ester (biodiesel) on 
top [143] and glycerin at the bottom. 
 
The resulting compound is so similar to traditional paraffinic diesel [142], that it can be used in diesel 
engines with little or no engine modification required [142,145]. Furthermore biodiesel is better than 
normal diesel in terms of the flash point, sulphur content and its biodegradable property [142,143]. 
 
In 2005, biodiesel	  was	  stated	  to	  not	  be	  able	  to	  completely	  replace	  a	  country’s	  petroleum	  dependency	  
[143].	  However	  this	  has	  been	  disproved	  in	  2006,	  where	  China	  [138]	  could	  replace	  an	  entire	  province’s 
bus	   system	  with	   biodiesel.	   This	   has	   shown	   that	   the	   replacement	   depends	   on	   a	   country’s	   individual	  
consumption. For example, in the U.S. in 2005 the diesel consumed on highways, was more in terms of 
volume than all the potential vegetable oil and animal fat available [143]. Thus it is obvious that one 




[143], as is done in the U.S., has made companies think differently and apply themselves to finding 
ways to increase production. 
 
The biodiesel input will need to take into account the import cost of biodiesel or else the 
manufacturing cost plus the land usage cost based on available land [145] – land that is not already 
competing for other crops [146]. Table 2.2 below shows some information around this, but focusing on 
the U.S. [144]. 
 
Table 2.2: Land required for sources of biodiesel [144]. 
Crop Oil yield    
(Liters/hectare) 
Land area needed (Million 
hectares) 
Corn 172 1540 
Soybean 226 594 
Canola 1190 223 
Jatropha 1892 140 
Oil Palm 5950 45 
Coconut 2689 99 
Microalgae (a) 136900 2 
Microalgae (b) 58700 4.5 
 
(a) 70% oil rich algae 
(b) 30% oil rich algae 
(c) for meeting 50% of the overall U.S. transport demand. 
 
Producing algae or microalgae is more expensive than growing crops [144,145], however land in the 
world is limited and so research in this direction for each country is needed. A country with extensive 
information on the land impact and food price impact of biofuels is the US. The U.S. is a major maize 
exporter [148,150] and the commodity price boom of 2008, technically 2002 to 2008, has been 
touched upon in 2008 by [150]. Reference [150] concluded that 25% - 30% of the price rise was due to 
transport costs, U.S. dollar weakness and the increase in fertilizer and energy prices [150]. The 
remaining 70% - 75% of the price hike was due to the increase in demand of biofuels and land use 
reallocation [150]. In 2010, reference [151] opposed this view and reported that market specific 
explanations require too much coincidence [151] and there was little direct evidence of such. 
 
At about the same time the book on biodiesel from crops [148] was released in 2014, the International 
Institute for Sustainable Development (IISD) released its own report [152]. According to them the 
entire value chain of converting land use and creating policies and physical infrastructure for biofuel 
makes the CO2 benefits negligible [152]. 
 
The upside to all this information and what will drive this research to include biofuels is that world 









2.2.2 Power system modeling techniques 
In 1997, [127] indicated that more research was needed in the design and simulation of HPSs. 
 
Below, Table 2.3 lists the simulation and modeling tools available on the market as of 2010. The Table 
shows what characteristics each software offers, which renewable energies each software can handle, 
which software is free to download. 
 
Table 2. 3: Hybrid power system simulation tools [122]. 
 
 
Looking at Table 2.3, the only free tools are HOMER, HYBRID2 and HOGA. This is good because they 
are also the most developed [122]. The only tools that do economic optimization are HOMER and 
HOGA. Furthermore, HOGA uses Genetic Algorithms and this research would benefit from that if the 
focus were optimization. 
 
HOGA was developed by the Electric Engineering Department of the University of Zaragoza in Spain. It 
runs simulations about as well as HOMER, by using 1-hour intervals [55,125]. HOGA, according to the 
latest 2014 research is now iHOGA [85]. 
 
HYBRID2 was developed by the Renewable Energy Research Laboratory at the University of 
Massachusetts (UMass) [126]. It can run simulations better than HOMER, down to 10-minute intervals 
[55,122]. 
 
Barley in [113] developed a model that included dispatch strategy back in 1996.  This was a rough yet 
accurate framework for the beginning of computer modeling for HPSs. During this time, the 
framework for a piece of software called Hybrid2 was also being developed by Manwell et al. Hybrid2 
did not do any optimization and used a simple generic HPS model [112]. The parameters Barley has 
worked on are now a backbone for the most used software - HYBRID2, HOMER and HOGA. The NREL 
begun developing its own software in 1993 called Hybrid Optimization of Multiple Energy Resources 
(HOMER). 
 
The NREL is the primary lab for renewable energy research in the U.S. and HOMER is now licensed to 
HOMER Energy although originally developed under the NREL umbrella [55] according to their 
website	   [115].	  Fundamentally,	  HOMER	  is	  capable	  of	   “simulating	   the	   long-term operation of a micro- 
power	  system”	  [55,119]. The optimization and other functions hinge on this. 
 
HOMER takes in load profile, geographical resource, component cost and an optimization function [80] 
and outputs fuel consumption, renewable fraction and total capital cost [80, 119]. 
 
HOMER includes economic inputs and accounts for resource availability such as solar radiation 
[36,115,119] and clearness index [7,119]. The clearness index is a ratio of the solar radiation that hits 




user-friendly for non-technical users [115]. One advantage is that it can convert from radiation 
(kWh/m2) to clearness index (0-1) [7]. This is a technical advantage because some data sources do not 
give information in terms of kWh/m2. HOMER’s main functions are simulation, optimization and 
sensitivity analysis [118]. The simulation aspect is what this thesis will focus on and touch on the 
lifecycle cost, which is another HOMER output [119]. 
 
Remote villages in Malaysia [118] were investigated using HOMER software. HOMER simulates by 
going hour by hour throughout a year [119]. This gives an added advantage of accuracy and reliability 
[119] especially in wind power where a monthly average will not suffice to explain the wind pattern. 
HOMER can model grid connected and off-grid systems [7] which makes it versatile in analyzing any 
country or island when the load demands are already known. 
 
A lot of work has been done to improve the simulation of HPSs [123,124]. A list of the most poignant 
research covering the optimization of PV/Diesel HPSs is in [55] and [122] and can be seen in Appendix 
C Figure C1. 
 
HOMER is the most used software [7,122] and thus, will be used in this research. The NREL suggests 
simulation then optimization using HOMER, finally design improvements using HYBRID2 [122]. This 








There are approximately 2 billion people without access to grid based electricity [2]. Electricity access 
brings about economic development, a better way of life and helps break the cycle of poverty [7]. 
Sustainable, renewable energy can be found in solar power and many places have a working 
knowledge of diesel power. The mixture of these two to form a hybrid power plant is thus simple and 
cost effective for people who have been relying only on diesel power. This mixture is also good for the 
environment	  as	  the	  sun’s	  renewable	  clean	  energy	  reduces	  the	  harm	  to	  the	  ozone	  layer	  and	  after	  the	  
infrastructure cost is paid, the solar PV power is for free. 
 
In this thesis, macreoconomic analysis is seen as choosing the best place to position the PV/Diesel HPS 
whilst taking into account financial, geological and other factors. Other research has used 
mathematical methods to analyse these multivariable problems and scant research actually looks at 
analysing each variable from a research standpoint to come to credible assumptions. 
 
A solar PV system becomes feasible when the area under consideration gets 3-6 kWh/m2 per day 
[16,45], but just	  because	  an	  area’s	  temperature is high, does not mean it has enough radiation for solar 
PV [2]and PV/Diesel HPSs can produce power at around 0.143 $/kWh, depending on where in the 
world it is located and its physical size. The motivation of subsidies, drives power producers 
worldwide to take up RESs or convert to HPSs [65,136,150]. 
 
The use of diesel is a global concern due to the economic risk, environmental risk and political risk i.e., 
diesel is derived from crude oil which is controlled by global political influences regarding price and 
availability of supply. To combat this, there is biofuel (biodiesel and bioethanol). Biofuel is derived 
from a chemical process applied to organic matter and the engine performance is akin to using 
traditional diesel except with fewer pollutants emitted during combustion. 
 
The U.S. and Brazil are the biggest producers of Biofuels. The latest issue surrounding biodiesel 
however, is the impact on land availability. The IISD has argued that there is a value chain to the actual 
cost of biodiesel, whereby the repurposing of land and creating physical infrastructure could be an 
expensive task. Other researchers argue that less land for farming causes fuel prices to rise. 
 
This thesis will attempt to include the possibility of biodiesel in the HPS and observe the cost and 
environmental impacts. The simulation will be done using HOMER software. HOMER is one of the best 
software and only two others come close in terms of robustness. As mentioned earlier, it was 
concieved by the NREL, the primary lab for renewable energy research in the US. 
 
This chapter will be the springboard for the theory development that now follows. All researchers 
seem to have the same list of macroeconomic factors. The table of factors, Table 2.1, will be expanded 
upon and applied to an area in China seeking to use a PV/Diesel HPS. This will be the development of a 





3. Macroeconomic	  model	  of	  HPS 
3.0 Countries used in the model 
This chapter will discuss what goes into a macroeconomic model for a HPS. It will develop the 
methodology that this thesis will use and will show its usefulness in the Chinese Taipei, India, Turkey 
and Australia . This is useful because India is one of the BRICS nations along with RSA, whilst the other 
countries are more First world economies. Thus the usefulness across the board will infer that when 
done in the context of RSA, the macroeconomic analysis can also yield plausible results. 
 
This section will take a list of macroeconomic factors derived by past researchers and discussed in the 
Literature Review in Chapter 2 and use them to analyse a Chinese country. Each parameter such as 
GDP, Oil Usage, Pollution, etc. will be described and the relevant country data regarding each topic 
with regards to Solar PV/Diesel will be explained. Finally, a table (please refer Table 3.3) displaying a 
summary of the results will be presented and this table will also include a few other countries such as 
India,	   Turkey	   and	   Australia.	   This	   table	   will	   be	   considered	   the	   “short-form”	   of	   the	   macroeconomic 
analysis because each parameter can take pages to explain. Hence important points will be referenced 
in this table for ease of reference on what macroeconomic factors play a role in a HPS developed for 
that specific country or area. 
 
RSA will be the country of interest for the simulation of the new HPS after doing the macroeconomic 
analysis. The simulation however, will be detailed in Chapter 4. 
 
3.1 Development of a macroeconomic model 
By beginning with the macroeconomic approach with parameters listed in Table 2.1, the entire 
country of China was looked at for its viability for certain natural resources to use as input for a 
PV/Diesel HPS. This information can then be used to inform where to place what kind of HPS. Using 
data from the Chinese Central Meteorological Bureau, Figure 3.1 shows the wind and solar resource of 
distribution in China. The solar resource is yellow and rich solar resource is dark yellow. The wind 
resource is green and the richer the wind resource the darker the green. The solar and wind maps do 






Figure 3. 1: Solar and wind energy distribution in China [4]. 
 
Out of the three sites selected in Figure 3.1 above, Site 1, which is Inner Mongolia, has the most 
installed wind capacity [4]. Site 2, Qinghai, has the highest installed solar capacity; however, it is far 
from the load centres and thus needs longer transmission lines [4]. Site 3, Eastern Tibet, is high in 
altitude, traffic is bad and there are high operation and construction costs. 
 
Such factors play a role in any mathematical approach[4] or systems approach. Nevertheless, the 
potential in these areas has been validated by the now-installed capacities in these areas. This shows 
that government and investors have benefited from such data. A table of installed capacities in China is 
shown in Table 3.1. 
 
Table 3. 1: Installed capacity in Chinese sites [4]. 
Districts Installed Solar Capacity 
(MW) 
Installed Wind Capacity (MW) 
Site 1 (Mongolia) 230 1590 
Site 2 (Qinghai) 1003 770 
Site 3 (Eastern Tibet) 90 15 
 
The installed capacity in Table 3.1 indicates an affinity for renewable energy in China. Referring to 
Figure 3.1, in the bottom right there	  is	  an	  annotation	  of	  “Rich	  Wind/Solar	  Resource.” This area is the 
Chinese Taipei and one region in therein is Kinmen Island. 
 
Table 2.1 from the literature review chapter, listing macroeconomic factors, will be the basis for the 
indicators that will be researched relating to Kinmen Island. There will be two levels of indicators: 
First-class indicators and Second-class indicators. The first class indicators will cover the broader 
issue, whilst second class will go a little into detail. These factors are also what other renewable energy 
research deemed to be macroeconomic factors. As discussed in Chapter 2, the research that fully looks 




trees [111], social acceptance [27] and triangle charts talking about theoretical, technical and 
economic potential [75,159].  
 
This being the case, mathematical approaches were looked into [4,9,10,114,158,160,161,162,163,164] 
and one method aptly adapted macroeconomic factors into a Matter-Element Extension method [4]. 
This study produced the Table 2.1 presented in Chapter 2 that uses first and second class indicators. 
 
The macroeconomic milieu of Kinmen Island will now be described using Table	  2.1’s factors and will 
discuss each parameter based on country facts. This is what is defined as a macroeconomic analysis. 
This thesis will not incorporate any weighting elements [165] to the factors and will use values and 
assumptions based on trends and facts derived from the words written in the macroeconomic analysis. 
 
More factors will be added to second class indices to start modeling the macroeconomic milieu more 
accurately and factually. These indices will inform the HPS developed in this thesis.  
 
3.1.1 Kinmen Island 
First class Indicator: Natural resources, Second class index: Sunshine days 
The average sunshine is 159.1 hours per month [51]. Between July and October, the average is 200 – 
220 hours per month. July and August have the longest duration of sunshine hours and the highest 
temperatures [51]. This indicates a strong possibility of solar PV as a RES. 
 
First class Indicator: Natural resources, Second class index: Gross solar radiation 
Radiation data in many research papers (often funded by the US, such as [129]) use the NASA surface 
meteorology and solar energy website [130]. 
 
For this report, all solar radiation data will be from SolarGIS, a global leader in satellite information 
[168] and providing historical, real-time and other weather data pertinent to solar technologies 
worldwide [167].  
 
 





The radiation map for the Chinese Taipei, which includes Kinmen Island, is seen in the bottom right of 
Figure 3.2. The average radiation is about 800 kWh/m2. The lowest amounts of radiation are found in 
the southeast. Instead of radiation, one can use a clearness index; however, this thesis will use 
radiation. Later in this chapter, the conversion from radiation to clearness will be touched upon. 
 




Figure 3. 3: Global PV map [50]. 
 
Figure 3.3 shows that there is a lot of PV installation per person in Australia as indicated by the red 
colouring at 105 W/habitant. In the Chinese Taipei, which is just off the coast of Mainland China, 
between Beijing and Hong Kong there is a moderate amount shown on the map by the number nine.  
 
First class Indicator: Economic factors, Second-class index: GDP 
According to the World Trade Organization (WTO) Penghu, Taiwan, Kinmen and Matsu are referred to 
as the Chinese Taipei [91]. It’s GDP is ranked as the 19th largest exporter globally and 18th largest 
importer. 
 
The Chinese Taipei imports almost all of its raw materials and exports mostly semiconductors, flat 
panel displays and other materials [91]. Exports comprise about 73% of GDP, which explains why the 




a growth of 2.3% in 2013, however for the medium term their selling points are in information 
technology (IT) and manufacturing [91]. In the Chinese Taipei, 98% of the energy supply is imported 
and over 25% of overall imports are for fuel [91]. In 2005, there were six fuel stations and two fishing 
ports [64]. This was enough to sustain their economy; however, it also made their economy very 
susceptible to the 2008 economic recession. 
 
The Chinese Taipei government has a few significant macroeconomic challenges. These include free-
trade agreements, taxation reforms, land regulation, economic cooperation agreements. 
 
Five percent of total tax revenue comes from trade related tax. This includes businesses tax, which 
makes up one third of this and then commodities and sin tax. Sin tax is tax on tobacco and alcohol 
products [91]. Subsidies for production in the industrial products and agricultural sectors still exist 
[91]. Direct tax incentives have been phased out over the past years and replaced with support for 
Research and Development (R&D) and innovation. 
 
In petroleum and electricity generation, land transport and telecoms are dominated by state owned 
enterprises (SOEs). In all sectors apart from the aerospace sector, the privatization process that begun 
in 1992 has been suspended [91]. Price controls are put on telecommunications, energy services and 
committees exist to control and systematically stabilize prices of commodities.  Some energy products 
require licensing and standards used locally are in line with international standards [91]. 
 
The manufacturing sector accounts for 25% of GDP and 88% of exports. The government is failing to 
improve product innovation and diversification [91] and so the region still is overly-reliant on the 
Information and Communications technology (ICT) sector [91]. Total revenue from the 
telecommunications sector accounts for 3% of the GDP. 
 
The services sector is the largest and accounts for over half of the employment and 66%of GDP [91]. 
Financial services accounted for 6.5% of GDP in 2013. There are no notable measures to promote non-
local service providers. The local labour market is well educated and there is no shortage of skills. 
 
In 2012 there were about 7.3 million international tourists in the Chinese Taipei. This is good because 
they want to promote tourism [91]. The tourists however were mostly in China, Japan and Hong Kong 
and not Kinmen Island although it experienced tourist growth from a percentage point of view. With 
the	  opening	  of	  the	  “open	  skies	  regime”	  between	  the	  Republic	  of	  Korea,	  China	  and	  Japan, there are now 
more cross-straits flights, which positively add to tourism [91]. 
 
The government has selected ten key industries as a focus for their development policy. These are 
[91]: 
1. Medical tourism; 
2. International logistics; 
3. WiMAX technology; 
4. Music and digital content; 
5. MICE (meetings, incentives, conferencing and exhibition) industry; 
6. Fundraising for high-tech and innovation-oriented industries; 
7. Urban renewal; 
8. Chinese-language e-commerce; 
9. International promotion of its cuisine; and 





As	  of	  2012,	  the	  Chinese	  Taipei’s	  foreign reserves were at $400 billion making them the sixth largest in 
the world [91]. The fiscal deficit in 2009 was 3.7% of GDP and has improved in 2014 to 1.4%. 
According to 2014 fourth quarter statistics from the World Bank [43] the GDP of China as a whole is $9 
Trillion. The Government debt of China is 14.9% [41]. 
 
In this thesis, national debt is defined as debt to GDP and not debt to GNI (Gross National Income). The 
World Bank uses GDP and GNI in country statistics, but their main criterion is GNI. It is the position of 
this research thesis that because GNI per capita changes over time and GDP statistics available are 
more recent than the GNI, the GDP and Government debt should be based on GDP. The Government 
debts are based on the latest 2012 figures [41] and the GDP figures are based on latest 2013 and 2014 
figures, however due to no debt figures available for 2013 and 2014, the GDP mentioned within this 
research thesis will not be the same GDP used in the Government debt calculation. GDP is a yardstick 
measure of the structures produced, services rendered and goods produced in an economy over a 
certain period [26]. In the detailed calculation, net imports and exports are accounted for, but this 
thesis will not focus on the GDP and GNI formulae.  
 
The preponderance of national debt statistics are derived from the World Trade Organisation Trade 
Policy	  Review	  of	   the	  relevant	  country	  or	   the	  World	  Bank’s	  2014	   International	  Debt	  Statistics	  report	  
[41]. GDP data is from	  the	  World	  Bank’s	  World	  Development	  Indicators	  Database	  as	  of	  22	  September	  
2014 [43]. 
 
First class Indicator: Economic factors, Second class index: Electricity demand 
Taiwan Power Company (Taipower) the local utility is forecasting pollution issues and supply issues. 
Population affects electricity demand and from 2009 it forecasted a population increase to about two 
hundred thousand people [64]. This  
 
According	  to	  Taipower’s	  “Long-Term	  Power	  Development	  Program”	  latest	  figures	  and	  targets	  for	  RESs	  
in Kinmen were [159]: 
 
x Install 513 MW in 2010; 
x Install 700 - 800 MW by 2020; and 
x Install 800 - 900 MW by 2025. 
 
Kinmen Power Company has invested in constructing a new power plant [64] and upgrading the 
capacity of the other constructed plants. Great Kinmen has three power plants [64]. The new plant is 
Tashan which produces 64 600 kW and the older ones are Xiaxing which produces 22 312 kW and 
Chu-Kuang which gives 4 540 kW [64].  Little Kinmen has Cilin which produces 5 672 kW using 24, 
diesel generator sets. On Kinmen Island as a whole, the total installed capacity is 97,124 kW and in 
2007, total generation capacity was 254 GWh per annum [64]. This was supplied by base power of 
diesel and unstable base power of wind and solar [64]. This is the plan for Kinmen Island until 2020 
when RESs are to be phased in. 
 
A general household consumes 3-4 kW at peak load. Families have on average 2.7 -4.5 persons and the 
average monthly consumption per four-member family is estimated at eight hundred kWh [64]. 
 
Electricity is generated by Taipower or by IPPs. A non-local investor can own an IPP however, the IPP 




by Taipower or determined by a competitive bidding process involving the IPPs. Table 3.2 shows the 
latest electricity tariffs across South East Asia. These countries are chosen for this table because the 
climates are similar, they are all mostly islandic communities, they all rely quite heavily on tourism 
and it was easier to convert their various currencies in to the New Taiwan Dollar (NT$). Countries in 
the table are supplied by various utilities and Taipower only covers the Chinese Taipei region. Table 
3.2 gives the reader an idea of the tariffs in South East Asia and how they compare to Kinmen Island, 
which is a part of the Chinese Taipei. The information is from the latest World Trade Organization 
Trade policy review [91]. 
 
Table 3. 2: Electricity tariffs in 2013 [91]. 
Residential use Industrial use 
Country/region Average unit 
price (NT$/kWh) 
Country/region Average unit 
price (NT$/kWh) 
Malaysia 2.5762 Republic of Korea 2.3079 
Shanghai, China 2.8837 Malaysia 2.6487 
Republic of Korea 2.8998 Chinese Taipei 2.8020 
Chinese Taipei 3.1165 Thailand 2.8174 
Thailand 3.1545 Hong Kong, China 3.2023 
Shenzhen, China 3.1781 Shenzhen, China 3.7763 
Hong Kong, China 4.1421 Shanghai, China 3.8303 
Singapore 5.2500 Singapore 3.8960 
The Philippines 6.1095 The Philippines 4.3273 
Japan 7.3409 Japan 4.8729 
 
First class Indicator: Economic factors, Second class index: Oil demand 
According to the Kinmen Power Company, a government owned utility, in 2006 the oil demand was 58 
072 160 litres and in 2007 the oil demand dropped down to 58 041 404 litres [64]. By the end of 2007, 
Taiwan Power Company, a larger government utility which had been managing Kinmen Power 
company assets since 2002 [171] had absorbed Kinmen Power Company and thus became the new 
utility [171]. 
 
Two hundred and four companies hold diesel wholesale licenses and another two hold petroleum 
refining licenses [109]. The main player is the Chinese Petroleum Corporation, which is also running at 
a loss and the government is trying to privatise this entity [91]. 
 
In the whole Chinese Taipei, there is no limit on the amount of crude oil and petroleum products one 
can import [91]. Private companies may set their own prices for petroleum products sold. Together 
with subsidies, this encourages healthy competition because energy products are monopolised by 
government owned companies [91] and 47% of crude oil and petroleum is imported. There are 
mechanisms in place to regulate the prices. These include an average import tariff of 1.5 % [91], 
licensing requirements and price controls. The Bureau of Energy oversees petroleum product sales, 
import, export and production [91]. 
 
First class Indicator: Economic factors, Second-class index: Solar PV market 
Solar cells were first used in the U.S. for	  spaceships	  in	  the	  1950’s	  [93].	  Today, even Sub-Saharan Africa 





In 2009,	  China	  had	  300MW	  of	  Solar	  PV	   installations	   [53].	  China’s	  electricity	  price	  used	   to	  be	  cheap,	  
thus stifling the PV market development. However, recent advances in technology and climate change 
concerns have put it in the front seat again. 
 
The PV market in China consists of five parts [53]: 
 
x Grid, building integrated modules; 
x Solar PV farms in vast land masses and deserts; 
x Off-grid, telecommunications, transportation etc.; 
x Off-grid PV for domestic and commercial uses; 
x Off- grid in rural areas. 
 
The most installed capacity in 2009 was in desert areas [53] followed by rural areas which promoted 
building integrated PV, then off-grid transportation and other industrial applications and finally the 
domestic use. 
 
China produces more than 55% of the PV modules in the world [53]. PV technologies such as module, 
cell, silicon and wafer are the most popular. Purified polysilicon was uneconomical to make prior to 
2009, so China relied on importing this from Germany, Japan and other countries [53]. 
 
The manufacturing cost of PV modules has been on a steady decrease and until 2009 thanks to issues 
such as reduced labour costs, reduced infrastructure costs and no customs duty (until 2010) [53]. In 
2009, the demand and cost of PV modules dropped drastically, during the global financial crisis, the 
market cap implementation of Spain and the feed-in tariff reduction in Germany [53]. This is shown in 
Figure 3.4 where the cost price of a PV module sharply decreases. 
 
 
Figure 3. 4: Annual PV module production and cost in China [53]. 
 
When converting the Chinese Yuan in Figure 3.4 into U.S. Dollars, we get a 2009 price of 2.02 $/W. The 
decrease in China’s from 2008 to 2009 was more drastic than in any other PV module producing 
country. Between 2005 and 2010 the most significant producing countries were Germany, Italy, 
Canada, U.S. and Japan [172]. Looking at Appendix B Figure B2, the U.S. production cost dropped to 




meant they ended up with a greater competitive advantage. When looking at the Appendix B Figure 
B2, it can be seen that every country’s	  price	  gap	  relative	  to	  China	  grew	  between	  2008	  and	  2009	  placing	  
them farther behind. This is expected because for one, the U.S. and Europe have price margin 
pressures that are greater than China; where there are lower production costs. 
 
In China, more PV modules are produced as a percentage of global output as seen in Figure 3.5. The 
total installed capacity is, however, greatest in Europe as seen in Figure 3.6. This is mostly because of 
the policies the Europeans have in place to adopt solar energy. 
 
￼  
Figure 3. 5: PV module production as a percentage of global production [109]. 
 
In Figure 3.5 and Figure 3.6, ROW is the Rest of the World. In Figure 3.6, MEA is Middle East and Africa 
and APAC is Asia Pacific. 
 
 





Figure 3.6 shows the total installed PV capacities globally. This data is from the European Photovoltaic 
Industry Association, one of the leading sources of information. 
 
Public bidding forces manufacturers to be innovative and handle suppliers in a more cost-sensitive 
manner [53]. In China, the PV deployment works like a top-down structure. The central government 
sets	   total	  PV	   targets	   in	  policies	  such	  as	   the	  “11th Five Year Plan of Renewable Energy Development 
and the Medium and Long-term Renewable Energy Development Plan”	   [53].	   Then	   the	   government	  
starts	  rolling	  out	  programs	  such	  as	  the	  “Solar	  Roofs	  Program”	  and	  each	  program	  has	  targets	  to	  meet. 
Finally, the investors and manufacturers for these projects are chosen using a public bidding process. 
What sets the Chinese system apart is the decision-making through a linkage of departments and 
ministries.	   For	   example,	   the	   “Solar	   Roofs	   Program”	   had	   the	   investors	   chosen	   through	   discussion	  
between the Ministry of Finance and the Ministry of Housing and Urban–Rural Development of China 
[53]. Furthermore Research and Development (R&D) support at a university level is implemented for 
achieving	  each	  of	  their	  “Five-Year”	  plans	  [53]. 
 
The problems identified and topics of interest for breaking current barriers include [53]: 
 
x Getting governments to support PV manufacturing, R&D and develop sound policies for 
industrial development; 
x The planning of PV systems in remote areas should, as far as possible, be aligned with grid 
transmission line planning; 
x Getting international buy-in for PV applications and co-operation in manufacturing can bring 
more advanced technologies, manufacturing methods and policy recommendations; and 
x The cost of PV needs to be subsidized by government because it is costly to manufacture in 
terms of accessing raw materials such as silicon [68]. 
 
First class Indicator: Economic factors, Second-class index: Construction cost 
The central government has drawn up subsidies to encourage purchase of solar thermal collectors. 
These subsidies for offshore islands are at least double what one would receive in mainland Taiwan. 
 
A solar energy system for a general household can costs around 1000 000 NT$. This is half subsidised 
by the central government and then the remaining NT$ 500 000 is subsidised in half again by the local 
government [64]. Thus, there is a clear promotion of solar energy in Kinmen Island.  
 
In 2009, there was only one PV module manufacturer in Kinmen [64]. The spot market price for PV 
modules can be found online, at the largest brokerage platform for inverters and modules. With over 
ten	  years’	  experience,	  strong	  market	  presence	  and monthly releases on PV price trends, they are best 






Figure 3. 7: Spot module prices in the market from the EU and surrounds	  €/W [49]. 
 
The prices from the pvXchange magazine [49] in Figure 3.7 reflect the latest information until 13 
October 2014. From Figure 3.7, it	   can	  be	   seen	   that	  China’s	  price	  stagnated	   in	  September	  2014	   [49], 
though since October the price everywhere has slowly dropped in Euros per Watt produced (€/W or 
EUR/Wp). Germany however, declined faster recently and this due to slow sales and price adjustments 
from lower demand at the end of the year [49]. It makes sense that the price would drop to about 0.6 
€/W as manufacturers would fear holding extra stock entering a new year and possibly the close of 
their financial years around February and March in 2015. 
 
For PV module manufacturers, the most important cost-contributing elements are the feed-in tariff 
and the public bidding price output. Pubic bidding is a market-based measure used for utility-scale, to 
get a suitable tariff [53]. In Jiangsu in China, the feed-in tariff in 2011 was 1.4 Chinese Yuan per 
Kilowatt-hour (¥/kWh) for ground installations, 2.4 ¥/kWh for rooftop installations and 2.9 ¥/kWh 
for building integrated PV modules [53]. Other factors that manufacturers consider are current orders, 
manufacturing capacity and the technological competitiveness. 
 
First class Indicator: Economic factors, Second class index: Operational & maintenance costs 
According to the Taiwan Renewable Energy Development Act [173] which is used in Kinmen Island, 
there is a guaranteed price for electricity generated using RESs. 
 
There is a problem of maintenance costs as there is not much skilled labour on the island. 
Furthermore, material supply is an issue and involves large costs for Kinmen Island [64]. Solar energy 
systems to be used in Kimnen can achieve a lifespan of at least twenty years [64], which would make 
financial sense when considering a payback period. 
 
Electricity produced from diesel in 2009, was 7.2 NT$/kWh [64] and this is expected to be NT$ 14 by 
2020 [64]. However, this price includes carbon taxes collected by the local government, which directly 
influences the price of electricity [64]. In 2013, according to the Taipower rate schedule [170] the cost 
of electricity was on average 3.1 NT$/kWh.  
 




Kimnen’s	  economy	  has	  phased	  out	  military	  rule	  over	  the	   last	  half	  century, and is now more tourism 
focused. 
 
In 2004, the local government drafted the first strategy for sustainable development [64] called 
“Planning for Sustainable Development Strategies in Kinmen.”	  This	  focused	  on	  economic	  development	  
constraints derived from ecological constraints. Thus, there were issues such as how to develop RESs 
that are not centralized and more distributed and how to harness the wind and solar energy available. 
It went so far as to include social issues such as protecting the local language. 
 
The central government drafted the Renewable Energy Development Bill, which provides incentives 
for clean, renewable energy facilities up to an installed capacity of 6.5 Million kW [64]. There are also 
directives	  such	  as	  “directions	  for	  the	  establishment and operation of solar power PV system subsidiary 
projects.” 
 
By 2020, Kinmen plans to have at least 34% of power generated, come from RESs. The energy 
intensity needs to be reduced by 20% relative to the 2005 figure, by 2015 and reduce by 50% relative 
to 2005, by 2025 [91]. 
 
The Chinese Taipei’s	   Taipower	   is	   running	   at	   a	   loss	   [91].	   The	   revenues	   from	   sales	   less	   the	   cost	   of	  
generation and buying from IPPs has raised the net loss from NT$43 billion in 2011 to NT$62 billion in 
2012, which is part due to that Taipower itself does not receive any government subsidy [91]. The 
government is putting measures in place to privatize Taipower. 
 
First class Indicator: Traffic conditions, Second class index: Traffic convenience degree 
Equipment manufacturers are close to the concentrated solar power, power stations. In addition, very 
good PV technology exists in Taiwan, so the suppliers are nearby.  
 
First class Indicator: Traffic conditions, Second class index: Transmission line length 
According to the 2012 Taipower sustainability report [59] their distribution lines in 2011 totalled 357 
000 km. Covering the supply of Taiwan and the offshore islands of Mazu, Kinmen and Penghu [59]. In 
2012, the total lines had increased to 364 000 km [78].  The distribution network of Taipower is 






Figure 3. 8: Taiwan power grid and power development map [59]. 
 
As shown in Figure 3.8, Taipower handles most of the power generation. Moreover, the transmission 
lines within Kinmen are of such a short distance they are neglected. The transmission costs are not a 
significant factor for Kinmen as a small island. 
 
First class Indicator: Environmental factors, Second-class index: Pollution 
According to Taipower, one litre of fuel oil produces 2.98 kg of CO2. This means when Kinmen region 
generated 250 TWh in 2007, it used 50 Million liters of fuel oil and emitted 150 000 mt of CO2 [64]. 
 
China from 2000 to 2010 emitted a growing amount of pollution, of ten percent [86] that is close to the 
GDP growth over the same period. In 2010, the CO2 emissions were a quarter of the global total and 
multiple measures have been put in place since by China, such as their 12th Five year Plan [86], issued 








First class Indicator: Environmental factors, Second class index: Energy saving/pollutant 
reduction 
Kinmen Island is very reliant on diesel power plants and as an island, it is doing well making steps in 
playing a role in preventing global warming.  
 
The promotion of green buildings is not something Kinmen is looking at, however of a larger scale they 
are looking at reducing current CO2 levels. In June 2005 [64] the	  “National	  Energy Convention”	  was	  
held in response to CO2 reduction requirements set forth from the Kyoto Protocol. 
 
Producing one kWh costs NT$7.2, so solar power could help Taipower save money. With an installed 
solar capacity of 1 470 000 kWh, there would be a fuel saving of 294 000 l and carbon emissions of 
876 mt and cash savings of approximately NT$10 000 000. 
 
Looking at the cost of diesel generation, there would be a savings of over NT$1.5 billion if conventional 
diesel generators [64], which Kinmen is heavily reliant upon, were completely replaced with RESs or 
HPSs. 
 
First class Indicator: Environmental factors, Second-class index: General waste 
General waste includes kitchen waste, recycled items, bulk waste, industrial waste and transportation 
of old waste. 
 
General waste in 2007 amounted to 18 245 kg [64]. This resulted in an average waste volume of 0.63 
kg per person per month in 2007. 
 
A stationary type biomass energy generation system can convert eighteen mt of refuse into 11 070 
kWh of electricity per day [64].	   Based	   on	   Kinmen’s	  waste	   amount, further investigation into using 
waste as a biofuel is to be done. 
 
First class Indicator: Social issues, Second class index: Load residents attitude 
The residents do not want to lose their local language in the process of adopting new technologies. 
 
As an offshore island, Kinmen needs to maintain a low density of tourists and a high quality 
recreational milieu [64]. Historical culture and tourism policies are vital. 
 
First class Indicator: Social issues, second class index: The distance to load centre 
The power plants are generally close to the load centres and distance is not an issue on the island. 
 
First class Indicator: Geographical, Second-class index: Geological/topographic condition 
Kinmen Island is on the southeast coast of mainland China. It is ideal for wind and solar power. 
 
First class Indicator: Conditions, second class index: Land usage condition 
Kinmen had 198 villages as of 2009 [64] and in 2007, a population of 948 000 people. 
 
There is limited land on the island, so setting up large-scale solar PV arrays or wind farm will not 
suffice, but small and medium scale wind will [64]. One option considered already is vertical axis wind 





Kinmen	  Island’s	  local	  government	  is	  looking	  at	  military	  and	  public	  owned	  land	  for	  the	  space	  to	  setup	  
power plants [64]. 
 
The Macroeconomic table of Kinmen Island will later be shown with the new factors derived from the 
high-level country review concluded above. The point of this is to use these factors in the construction 
of the HPS later in this thesis and construct a table for the region the HPS will model. 
 
From Asia, four new second-class indexes that are important for a macroeconomic analysis are listed 
below: 
 
x Strategies and policies; 
x Oil demand; 
x General waste; and 
x Solar PV market. 
 
These four factors will be a part of the table of macroeconomic factors in this thesis. This adds to the 
robustness of the model herein. 
 
The macroeconomic parameters have been researched and more factors that this research thesis 
deems relevant have also been listed above. At this point, there are a few countries aside from Kinmen 
Island that will be used to tabulate the macroeconomic analysis done above. This tabulation will be 
another	  method	  of	   representing	   the	   information	   found	  and	  will	   be	   considered	  a	   ‘quick-form’	  of	   the	  
macroeconomic analysis because the information is summarised in a table.  
 
The countries were chosen to show that the quick-form methodology can be applied without a need to 
do the extensive form applied thus far in this chapter. The countries chosen are: 
 
x Chinese Taipei, because it has been covered by the above macroeconomic survey, with a focus 
on solar PV/Diesel HPSs; 
x India, because it is an Asian country like the Chinese Taipei and it is one of the BRICS countries 
and is a developing nation that carries similarities with RSA; 
x Australia, because it is a first world country and has some of the best solar radiation available. 
It also has one of the most advanced power grids in the world [101]; and 
x Turkey because it is a country that lies in Europe and Asia. It is also a more Eastern than a 
Western influenced country and there is a reasonable amount of available country data on it 
[47,48,88]. 
 
Indices relating to an Asian country, an Oceanic country and a country that is part of Europe and Asia 
















The average sunshine is 
159.1 hours per month 
[51]. Between July and 
October, the average is 200 
– 220 hours per month. July 
and August have the 
longest duration of hours 
and the highest 
temperatures [51]. 
Average is between 2300 h 
and 3200 h per year [70]. 
Average is over seven hours per 
day [88]. 
Average is 5h to 9h per day. 
The lowest parts of the 




The average is 800 
kWh/m2, (please see 
Appendix A Figure A1.) 
The average is 1500 
kWh/m2, (please see 
Appendix A Figure A2.) 
Across North Turkey, like 
Istanbul, Average is 1311 
kWh/m2 [48], but the rest is 
1800 kWh/m2,, (please see 
Appendix A Figure A3.) 
The major coastal cities from 
Melbourne to Brisbane have 
the lowest at about kWh/m2. 
The preponderance of 
Australia is strong at 2700 
kWh/m2, (please see 















$9 240 270M [43] with a 
fiscal debt of 14.9% [41]. 
$ 1 876 797 M [43] with a 
government debt of 68.5% 
[41]. 
 
$ 820 207 M [43] with a 
government debt of 37.6% [41]. 
$ 1 560 597 M [43] with a 









254 452 584 kWh per 
annum [64]. There are RES 
plans to install 700-800MW 
by 2020 because currently 
diesel generators supply 
most of the load. 
The Northeast region of 
India consumes very little 
energy. Some states consume 
only 163kWh/per person 
per annum [6]. In 2012, 
there was 210 GW of 
capacity and in 2014 the 
The demand in 2014 was 
260TWh and capacity in 2012 
was 55 GW [101]. 
The demand in 2014 was 
260 TWh [101] and capacity 
in 2012 was over 62 GW 
[101]. Australia has one of 
the most advanced power 
networks in the world [101]. 










































demand across India was 
1200 TWh [101]. Ineffective 
load management led to 
blackouts in 2012 [101]. 
of the lowest in the world 
[21]. RESs total about seven 





58 041 404 l in 2007 [64]. 
Companies may set their 
own price for petroleum 
products. 
Crude oil supplies 19% of 
power in Tamil Nadu [110]. 
More than 18 000 village 
communities still rely on 
kerosene [70]. In 2012, fossil 
fuels made up 80% of 
generation power source 
[101] 
The market is dominated by 
Natural gas at 44% and coal is 
28% [101]. Increasing 
standards of living and 
population and strong tourist 
growth spurs on more oil 
consumption [88]. 
Coal supplies 70% of power 




China produces more than 
55% of the PV modules in 
the world [53]. In 2012, 
China had 8300 MW of PV 
[50]. Kinmen has 1 470 000 
kWh of solar capacity. 
Installed PV capacity of 1.3 
GW [50], with 980 MW 
having come in 2012. The 
capital cost of a PV module is 
1200 $/kW and replacement 
cost is 720$/kW [6]. 
600MW of Large-scale PV 
licenses were on auction in 
2013 [101]. Chinese and 
European PV panel 
manufacturers have opened 
shop in Turkey. The cost of a PV 
panel is between 4200 and 
1200 $/kW [19]. 
The only solar is focused on 
residential areas and not 
large scale PV [101]. The 
installed capacity in 2013 
was 3.2 GW [101] and the 
output from one state, 
Victoria was 550 GWh in 
2012 [63]. A PV panel in 
2012 had a price of between 








A solar energy system for a 
general household in costs 
NT$ 1000 000. This is 
government subsidised by 
NT$ 750 000. A PV module 
costs 0.5 €/W. 
Regulated prices make RESs 
unfeasible in many areas of 
India. This is because the 
transmission cost and 
increased cost for industrial 
users subsidizing others like 
agriculture [101] makes the 
overall generation cost high, 
The Industrial Development 
Bank of Turkey offers low 
interest loans to RES players. 
The cost of extending the 
grid has increased the price 
consumers pay per kW 
[101]. The cost of a solar PV 
plant in 2012 was between 








































so the traditional, abundant, 
fossil fuel is still used. 
Op. & 
maint. cost 
RESs suffer from 
maintenance costs due to 
no skilled labour on the 
island and material costs 
onto the island [64]. Diesel 
is already used so that is no 
big issue. 
Biodiesel in India costs on 
average 0.58 $/l [69]. 
The cost of solar energy in 2009 
was 0.13 $/kWh [47]. Wind and 
Hydro are cheaper than this to 
produce in Turkey [47]. 
Current fuel and carbon 
costs increase the price 





















By 2020, Kinmen plans to 
have at least 34% of power 
generated, come from RESs 
[91]. The Renewable 
Energy Development Bill 
provides incentives for 
clean, renewable energy 
facilities up to an installed 
capacity of six point five 
million kW [64]. 
By 2022, India plans to have 
20GW of grid connected 
solar power [101] and 10GW 
by 2017. Mismatched policy 
making and implementation 
is hampering the renewable 
energy market [101]. 
There is no need for a license to 
supply solar power under 1MW. 
Above that, the grid remains 
tight and not all capacity can 
simply be added on [101]. The 
electricity market law was 
established in 2001. However, 
currently, lack of proper lending 
facilities hampers industrial 
scale growth [88]. The biggest 
barrier for foreigners is the 
laws. In Turkey, it can take a… 
…year to invest due to 
paperwork [88]. On interesting 
they do is, they refer investors 
to the World Bank and then 
guarantee them backing of 30% 
- 40% of funds required [88]. 
The 2012 Clean Energy 
Future Plan aims to cut GHG 
emissions by 5% by 2020 
[101] and have RESs of 20% 
by 2020 [65]. The Clean 
Energy Finance Corporation, 
established in 2013 is going 
to help with future wind and 
PV projects. Australia allows 
states and regions to develop 
their own plans and policies 
on renewable energy [65]. A 
few barriers in Queensland 
for	   RESs	   are	   power… 
…purchase	   agreements, 
inadequate financial 
incentives, not enough 
network capacity and 
















In 2009, there was only one 
PV module manufacturer in 
Kinmen [64].  
In 2008, 119570 villages 
were not electrified and 
about 18 000 were in areas 
too far to be economical for 
grid extension [128]. 
Turkey is technically part of 
three continents and the EU 
[23,58]. There is ample access 
to resources. In 2006 it was 
importing 90% of natural gas 
from Iran and Russia [47].  
 
Grid constraints may hamper 





The transmission costs are 
not a significant factor for 
Kinmen as a small island. 
Taipower in 2012 cites 364 
000 km of distribution lines 
[78].  
The North Eastern parts of 
India are not feasible for grid 
extension [6]. India 
experiences high power 
distribution losses [101]. 
Total investment required for 
transmission lines in 2010 was 
$45 Million. This is too much for 
public funds only and so it is 
Hobson’s-choice to find private 
investors [88]. 
Australia has the longest 
transmission line network in 


















Pollution One litre of fuel oil 
produces 2.98 kg of CO2. 
This means Kinmen region 
in total, in 2007, when it 
generated 250 000 000 
kWh it used 50 000 000 l of 
fuel oil and emitted 150 
000 mt of CO2 [64]. 
Tamil Nadu is ranked 14th 
largest CO2 emitter globally 
[110]. Tamil Nadu relies on 
coal for 68% of power [110] 
In 2008, Turkey emitted about 
300 Mt of CO2. 
The Clean Energy Act in 
2011, introduced carbon 
pricing [21] which provides 
23 AUD/t [101]. Queensland, 
the second largest state in 
Australia [65] has the 
highest CO2 emissions per 
capita. Australia as a whole 
emits over 190 Mt of Carbon 





Saving of NT$1.8 billion if 
all diesel fuel in Kinmen 
was replaced with a RES. 
An installed solar capacity 
of 1 470 000 kWh, there 
would be a fuel saving of 
294 000 l and carbon 
No data. Being environmentally 
conscious is a recent trend, but 
firms are positively adopting 
the methods [88]. Turkey does 
not have a national energy 
strategy document and has not 
had one ever [48]. 
A Carbon credit price of 23 














emissions of 876 mt. 
General 
waste 
Average waste volume of 
0.63 kg per person per 
month in 2007. And total 
bulk waste of 18 245 kg. 
In parts of India like the 
Tripura state, rice husk is 
found in abundance and this 
is used for biomass power 
[6]. 






The residents do not want 
to lose their local language 
in the process of adopting 
new technologies. 
Historical culture and 
tourism policies are vital. 
No data. The residents are very open to 
adopting new technology. 
This is a well-educated 
workforce and they are 






The power plants are 
generally close to the load 
centres. 
Many villages are far from 
the power plants and it is 
difficult for them to get 
power. 
No data. The transmission lines can 
reach the loads. However 
with the potential of RESs 
being mostly in remote areas 
from the load centre [57], 
there will be a need to revisit 
















Kinmen Island is on the 
southeast coast of mainland 
China. It is ideal for wind 
and solar power. 
India has high solar regions 
and high wind regions like 
Tamil Nadu. It also has high 
coal reserve regions and lots 
of land space available. 
Turkey is best suited for Solar 
and Wind power [88]. 
Queensland is a very sunny 
state, with about 100 MW 
installed capacity by 2010 
[65]. The area 
accommodates 167 MW of 
Hydropower, 65 MW of 
Biomass and 12 MW of Wind 
and is looking closely at a 
tidal wave power plant [65]. 













population resides on the 
coast [57]. The top part of 
Australia is more tropical 
and hot and as you go to the 
south it gets cool [57]. 
Land usage 
condition 
Kinmen had 198 villages as 
of 2009 [64] and in 2007, a 
population of 948 000 
people. Land is limited, 
local government is looking 
at military and public 
owned land for the space to 
setup power plants [64]. 
The North-Ease part of India 
is a region known for 
growing rice. 91.7% of 
agricultural land is dedicated 
to food grains [6]. 
Turkey is suited for 
Hydropower and in 2009, most 
of the projects funded by the 
Turkish Industry and 
Development Bank were 
hydropower [88]. 
New South Wales, 
Queensland and Victoria still 
use coal and in South 
Australia a shift towards 







Table	  3.3	  can	  be	  considered	  a	  ‘quick-form’	  macroeconomic	  analysis.	  The	  process	  of	  delving	  into	  each	  
parameter can be undergone by a researcher, however this is not always feasible. By observing how 
the in-depth macroeconomic analysis was done above, on issues that have a relation to a PV/Diesel 
HPS, the quick-form can be effectively used. 
 
The macroeconomic model that will be shown in the next chapter will look like Table 3.3. There will be 
one country, RSA and two columns: One for the macroeconomic factor values and information from a 
past research paper and the second column for inputs from	  this	  thesis’s	  macroeconomic	  analysis. The 
second column depicts the macroeconomic parameters described and referenced. Thus there will be a 
juxtaposition of the input variables. This will make for ease of reference when the results are also 
juxtaposed, so one can see more precisely the differences in the level of input. 
 
The software inputs for the simulation are mostly microeconomic inputs. Such as equipment 
replacement cost, site layout [69], derating factor of each PV panel [72] and more. Thus, the software 
inputs will be fewer than the number of macroeconomic inputs covered. This is fine, because one day 
in the future the software might incorporate these factors. Furthermore, if the macroeconomic 
analysis were not done independently before simulation, then the analysis would basically now be a 
‘simulation	  based	  analysis’,	  which is not the aim of this research. 
 
The variables in this research thesis will be linguistic parameters and not converted to weights as in 
other studies involving multiple variables [165]. This is because there is no added benefit with regards 
to the software inputs and the PV/Diesel system. Meaning the GDP of a country can be found, the 
electricity consumption pattern of an area can be found and these are immediately used in the 
simulation and they directly relate to a HPS. If actual country data is unavailable, which is highly 
unlikely as seen in the macroeconomic analysis of Kinmen Island, then assumptions will be made 
based on past research papers. 
 
3.2 Conclusion 
The EU adopts solar PV technology the most, China manufactures the most and RSA invests the most 
as a portion of its GDP. The	  EU’s	  largest	  barrier	  for	  PV	  power	  is the permits to produce power [39]. In 
Germany there are municipal challenges, the Netherlands has environmental permits that are a hurdle 
and very active societal groups that protest [39]. In Spain, the social development plan is scrutinized, 
along with the environmental impact assessment [39]. 
 
Energy system modelling is gaining importance in Africa and across the world [166]. In developing 
(low to middle-income) countries, the government debt levels are lower than the more developed 
countries. Debt is not always a bad thing and because of the low government debt levels, a lot of the 
available funds from other countries are not used to enable funding mechanisms. Thus financing for 
projects is a sticking point, even in Alaska [102], Turkey, Australia and in Chinese Taipei. Without 
adequate financing or price mechanisms, even big firms will not take the risk of developing 
infrastructure [102]. 
 
Many countries have the minimum required kWh/m2 to capture a useful amount of solar power but 
government policies play a big role. If policies are not in place or effectively implemented, then the 
PV/Diesel or other RES is difficult to implement. The cost of operation is often higher in rural areas 





Countries separate the ideas of residential solar PV and desert installations. This is due to the MW 
output and eventual possible uses of the two methods of solar power. But a good finding is that the 
public perception toward solar power is much more welcoming than that of nuclear power. 
 
This section has focused on a few countries to set the scene at a high level. RSA will now be used to do 
a macroeconomic model. These same factors will be used to estimate pricing for the PV modules, 
diesel costs and estimate the limitations on the amount of diesel that can be used. An existing model of 
a PV/Diesel HPS will be remodelled through using the quick-form of the macroeconomic analysis in 






4. Modelling	  and	  analysis	  of	  HPS 
4.0 Location of the HPS and essential chapter information 
An already-simulated HPS in Stellenbosch, RSA [2] will be re-designed using parameters informed by a 
macroeconomic analysis. The oil input will be looked at in terms of a biodiesel input where possible 
and where legislation may lend itself to such. This is one aspect that was not covered by past 
researchers [2]. 
 
This thesis will then run a simulation and plot the results to see the impact of a macroeconomic 
analysis on the hybrid power plant. This is to see what impact the macroeconomic analysis would have 
had and if the extra effort is worth the time. 
 
This method is in line with the research aims: to show that economics, which usually limits engineers, 
can be positively used to actually be a basis for the technical design. 
 
4.1 Macroeconomic analysis of Stellenbosch house, RSA 
A recent research paper simulated a PV/Diesel system in Stellenbosch [2] and it was based upon a 
Masters-level thesis by the same author [169] simulating only a PV/Battery system. There is no other 
currently available research on PV/Diesel for RSA, however the benefit of a macroeconomic analysis in 
this regard can still be realised when comparing with the PV/Battery system. 
 
The research in [2,169] focused on a household in Stellenbosch that would be a typical urban house in 
that area. The house as had some loads connected to the Eskom grid such as the stove, geyser and oven 
[169] and the rest was powered by the PV system [169]: 
 
x 2kW washing machine 
x 2kW kettle; 
x 1.8kW vacuum cleaner; 
x 1.7kW dishwasher; 
x 1.5kW electric toaster; 
x 480W incandescent light bulbs; 
x 300W refrigerator; 
x 100W television; 
x 50W personal computer; 
x 22W Compact fluorescent light bulbs; 
 











Figure 4. 1: Stellenbosch residential load pattern over 24 hours. 
 
This research thesis will compare input from previously simulated systems [2,169] with a newly 
developed HPS, focusing more on the macroeconomic inputs. 
  
In this chapter, where N/A is written, it implies that there was no consideration of that factor by past 
research, or that factor has no available information that would be useful. The quick-form 
macroeconomic analysis is applied below. 
 
















327.29 days in a year with an 





5.33  kWh/m2 per 
day [169]. 




















N/A $350 630M [43] with a 
government debt of 46.1% [41]. 
The local inflation is 5.3% [180] 
and the Prime lending rate is 
9.25% [180] (please see 
Appendix B Figure B4.) The GDP 
is only expected to grow by 3.2% 
on average until 2018 [101]. All 
items collect Value-Added Tax 
(VAT) which is 14% [180] atop 
any item cost. Only few items are 
excluded such as milk, bread, and 
fresh produce.  The Rand/Dollar 
exchange rate median of the 52 
week range from February 2013 





















assumed at 0.7$/l. 
RSA in 2013 used 5.7 million 
barrels per day and 1.224 btoe 
[140]. 
There is a minimum blending of 
5% biodiesel with traditional 
diesel [139]. The capital cost of 




N/A By 2030 there should be 7.4 - 10 
GW of installed PV capacity [179] 
(please see Appendix C Figure 
C2.) RSA has the most installed 
PV in Africa [50]. There was 0.8 
W/habitant in 2012 [50]. There 
are only five countries with a 
greater PV attractiveness and 
investment attractiveness greater 
than RSA (please see Appendix B 
Figure B5.)  The datasheet for the 
battery [182], taking into account 
the temperatures of the area, will 
have it operating at 100% or 
more throughout the year. The 
past research [2] assumed 200W 
panels, whereas the same price 
panels today can be found for 





for the HPS were 
from MLT drives, 
a local distributor 
[175]. The 
number of days of 
autonomy was 
assumed to be 2-3 
[169]. 
 
According to the number of no-
sunshine days in Stellenbosch 
[174] 3-5 days autonomy is 
needed. A PV panel costs about R 
28 910 per kW [179]. Average 
cost of electricity from IPPs is 
88c/kWh [13]. On 31 March 
2014, Eskom had purchased a 
total of 3.67 TWh of electricity 
from these producers [13].  
 






assumed to be 
zero because of 
their small value 
relative to the 
capital cost [169]. 
PV crystalline costs 208 R/MWh 
per annum [179] to maintain. A 
PV fixed tilt panel is projected to 
drop in cost to R8 029 per kW by 
2030 [179]. The  average  















 With the diesel 
system [2] the 
cost was $21 per 
year. 
2011 and 2013 by 54% [181]. A 
50% overall reduction over the 




N/A Biodiesel has a 40% fuel levy tax 
exemption [177]. The National 
Development plan in 2012 [178] 
cited a minimum of 20 GW of 
clean energy was needed by 
2030, and the Integrated 
resource plan update in 2013 
[179]. There is a $113 M Investec 






N/A There is ample infrastructure in 
Stellenbosch to facilitate 
movement of materials. 
Transmissio-
n line length 
N/A RSA has 29 924km of 
transmission lines [13] and 
46 093km of distribution lines 





Pollution N/A Eskom, the local power utility 
emits approx. 233 Mt of CO2 per 
annum [13]. Over 90% of the 
power in RSA is from coal fires 






looked at taking a 
household off the 




reduction or a 
focus on this. 
68% of electricity is from coal 
fired power plants [2]. 
From 2015 the new atmospheric 










N/A Residents are frustrated with the 
current load shedding [13] and 










































The macroeconomic analysis resulted in inputs to the simulation that can be found as follows: 
 
x Appendix D: Simulation inputs summary; 
x Appendix E: Components chosen; and 
x Appendix F: Screenshots from simulation. 
 
The simulation in this section will be compared to [2] and [169]. A Solar PV/Diesel HPS was modelled 
in [2] however, the author also did the longer, Masters dissertation in [169]. The dissertation was a 
PV/Battery only HPS but the location, load pattern, inflation rate and other factors were used for [2]. 
 
In [2] there is a simulation of a PV/Diesel HPS in South Africa to determine if it was feasible to supply 
the load seen in Figure 4.1. The simulation in [2] used the six various climatic zones of RSA and came 














Diesel price of 0.9 
$/l. 
There is a local power station not 
far off, called Koeberg. There are 
power lines sufficiently close to 
each residential load in 
Stellenbosch. 
Biodiesel can be manufactured on 
site or nearby. If this were 
replaced with diesel however, 
then the coastal price of diesel 
will have to be paid which as of 4 
February 2015 was R8.9549 per 
liter [185]. This is considerably 







N/A A mediterranean climate, with 
many valleys [175]. There is a lot 
of fauna and flora in the area and 
an average temperature of 
approximately 17.5°C [169]. 
Land usage 
condition 
N/A Most land in Stellenbosch is for 
wine farms [175] and other 
agricultural uses. There is a 
University, a hospital, medium 
and high density residential, 
sporting facilities, industrial and 
business parks [176]. 
In RSA only 14% of total land is 
arable [177] however there is 






Figure 4. 2: NPC with diesel price of 0.9 $/l [2]. 
 
It was found that Upington, an inland region was the most feasible [2] and not Cape Town which is 
home to Stellenbosch. Upington had a NPC of R594 480. 
 
Reference [2] used an exchange rate data of 2011. [2] used  diesel cost of 0.9 $/l and one of 0.7 $/l and 
an exchange rate of 8 R/$. If the quick-form macroeconomic analysis were to be applied in retrospect 
for the month of April 2011 the cost of diesel inland (reef) was actually R9.48451 [186], closer to the 
coasts (coastal) was R9.28051 [186] and the exchange rate was 6.8 R/$ [187]. So firstly at 0.7 $/l and 8 
R/$, the cost per liter is implied to be 5.6 R/l which is too far off from [186]. At 0.9 $/l the cost per liter 
is R7.20. So the diesel cost in $/l of 0.9 $/l [2] is too low and it would mean that either the exchange 
rate had to be 10.53 R/$ or the fuel price had to be different as well. Either way the point is the NPC of 
Upington at R526 664 is an underestimate. In [2] the aim of the two diesel prices was to show the 
impact that diesel prices have on a HPS and this was well expressed. It should be understood that a 
macroeconomic analysis was not the focus of [2] and their price assumptions sufficed to effectively 
prove the point. 
 
However, let one assume that the assumptions made in [2] were a real case. Then, although the 
technical configuration accounting for solar radiation and  the batteries chosen was properly done, the 
design would face higher, more realistic costs when put into a real-world scenario. This is exactly 
where this research thesis fits in. It has done a macroeconomic analysis already in Table 4.1 and this 
will inform more realistic fuel prices, interest rates and exchange rates and thus yield a more 
economically viable HPS for the RSA context. 
 
This research thesis will draw data from [2] but where [2] falls short or more background information 
is needed, [169] will be cited. 
 
This research thesis aims to see if there is merit financially, technically or otherwise in doing a 
macroeconomic analysis before designing the HPS. It is expected that there is benefit because, 
economic factors often limit what can be technically achieved, however if that were to be reversed and 
the macroeconomic factors were used to design a power system, there should be benefit. The design of 
the HPS within this section will be similar to [2] meaning the load and area will be exactly the same, 
but component sizes will be within a very close range to what was done in 2011 in [2]. The main 
difference between [2] and this research thesis is the number of assumptions made and how they were 
made. 
 
To avoid assumptions regarding the software, the workings behind HOMER will now be discussed. 
HOMER is designed to optimise a given power system for	  the	  lowest	  cost	  in	  today’s	  terms	  (NPC). If any 





x Dispatch strategy [119]: Various ways of running the diesel generator e.g . 2 hours a day or 5 
hours a day or 24 hours a day. This is part of a process called cycle charging (please see 
Appendix D Table D9); 
x Maximum annual capacity shortage [119]: Various amounts of load that is left unmet by the 
end of the year e.g. Having 0% of the load unmet, or having no more than 1% of the load unmet 
by the end of the year (please see Appendix D Table D10); 
x Operating reserve [119]: How much extra power should there always be? e.g. always have 2% 
of the annual peak demand available, or always have an extra 5%of the highest peak load that 
occurs in the year (please see Appendix D Table D10). The peak load is automatically derived 
from the	  user’s	  input	  of	  load	  pattern;	  and 
x Renewable output [119]: How much should the PV panles be used e.g. If they are used 90% of 
the time, then the renewable output is 90%, but if the diesel generator is used half the time 
throughout the year, then the renewable fraction drops to 50%. However there was benefit in 
this simulation from using biodiesel that the renewable fraction thus remained very high 
(please see Appendix D Table D5). 
 
If multiple component ranges are given for a single PV/Diesel HPS, as in this research thesis, the 
software will perform a sensitivity analysis using the abovementioned points along with: 
 
x PV Panel permutations e.g. using 1 panel then using 3 panels up to using 9 panels (please see 
Appendix D Table D3); 
x Diesel generator permutations e.g. using a 5kW or 6kW (please see Appendix D Table D4); 
x Battery permutations e.g. using batteries in increments of six, up to 30 total batteries (please 
se Appendix D Table D6); and 
x Converter permutations e.g. three sizes of converters, being 6kW , 8kW and 12kW, each with a 
different capital cost (please see Appendix D Table D7). 
 
The user will input the component prices for each different component in the range. The user can also 
specify one price then the software will simulate an extrapolation of that price using various sizes e.g. 
give the price of one battery then tell the software to try using one, two or three batteries. The user 
could also specify prices for three different batteries and the software will incorporate that into the 
sensitivity analysis. For this research thesis, the major components used and their market costs can be 
found in Appendix E Table E1. 
 
Once all combinations and permutations have been done, they are ranked according to the cheapest 
system setup and operation mode down to the most expensive setup and operation mode. The NPC 
translates directly to a cheaper cost of electricity (COE) which is measured in R/kWh. 
 
The format of the results discussion will be such that the focus is placed on the macroeconomic factors 
and the role they played. The results achieved will be juxtaposed with the results [2] achieved and 
success within this research thesis will be if the system comes out as the cheaper system or is within a 
tolerance of 5% of the Stellenbosch HPS system in [2]. It should be noted that, [2] and this research 
thesis will be serving the same load, just four and a half years apart. To the ordinary technical person, 
it will be a revelation to see how macroeconomic factors play a role. One cannot just add inflation to all 
costs and assume that will be the real future cost of the system. There are demand and supply forces 
that will throw all mathematics out the window, and there are underlying currency fluctuations that 
will affect international trade and component prices, and that has nothing to do with input costs, it is a 
political matter and a matter of investor sentiment. These will be shown as to how they work and the 








4.2 Simulation results 
The HPS simulation took 220 seconds to complete and the results are shown herein. 
 
 
Figure 4. 3: Solar PV/Diesel HPS schematic diagram. 
 
Figure 4.3 shows the schematic layout of the HPS. Gen10 is the diesel generator that runs on biodiesel, 
the converter connects the DC and AC buses for power flow in either direction. The electric load is the 
household load that is the same as [2] and is shown in Figure 4.1. The PV is the solar panel which 
represents any size solar panel, depending	  on	  the	  user’s	  input.	  The	  IND2702V	  is	  the Trojan 2V battery 
which represents a string of batteries. 
 
 





Figure 4.4 shows the best case from the sensitivity analysis in the first table. The second table shows 
the first nine permutations and their result in terms of COE and NPC. The variations for the sensitivity 
analysis herein are not the focus of this thesis, so this will not be described. 
 
The first three columns of either table show the number of system components used or the power 
from each component. The first column is the output of the PV panels, then the size of the diesel 
generator, then the number of batteries used, then the size of the converter used. For explanations on 
the rest of the columns please look below to Figure 4.6. 
 
 
Figure 4. 5: Best case system setup result and worst case configurations. 
 
 
Figure 4. 6: Best case system setup. 
 
In	  Figure	  4.6	  under	   the	  “Cost”	  heading,	   ‘COE’ is the cost of energy that the HPS configuration would 
yield. The NPC is the most important output. This is how much the system would cost today if all costs 
for the next 25 years were monetised in todays terms. 
 
The RenFrac column shows show much of the HPS is from a renewable source over the lifetime of the 
system. It was easy to get a high value for this because the HPS was using biodiesel and PV panels 
which are both renewable sources of energy. The only non-renewable was the battery. 
 
The Gen10 column is the diesel generator. The Fuel column is how much total fuel is used over the 
lifetime of the system, and the Hours column shows how many total running hours the diesel 
generator accumulates over a year. In all outputs shown by the results above, there is no indication of 






Figure 4. 7: Best case system setup including operation and maintenance costs. 
 
 
Figure 4. 8: Worst case system setup. 
 
 





4.3 Discussion of results 
The solar radiation availability of 5.08 kWh/m2  as per the macroeconomic analysis in Table 4.1 made 
the area of Stellenbosch in RSA a viable candidate for solar power. Furthermore, the planned 
introduction of biodiesel into RSA regulation made the biodiesel option a viable candidate instead of 
diesel. 
 
4.3.1 System component discussion 
The resulting HPS from the simulation of this research thesis is shown in Figure 4.3. The constraint for 
the system was the lowest NPC. The electric load was the same as [2,169] and more compensation was 
made for the seasonal variation in load pattern for a consumer in RSA. The peak load of 5.6kW meant 
that this is the maximum draw and any solar panel, battery bank or diesel generator needs to be able 
to handle this. 
 
Figure 4.5 represents the best scenarios with least NPC, and Figure 4.6 shows the best scenario in 
detail. Figure 4.7 represents the scenarios that were the most expensive and Figure 4.8 shows the 
most expensive scenario in detail. There were a total of 399 simulations run for the sensitivity 
analysis, based on the combinations of PV panels, batteries, etc. as explained in Section 4.1 above. 
 
The most expensive system configuration used a 6kW generator, 9kW of PV panels, 30 batteries and a 
6kW inverter. This had a cost of 7 R/kW and a NPC of R1 419 206 and a renewable fraction of 13.3%. 
This system is very expensive and it would not make financial sense to try use this system. 
 
In the most cost effective system, there is 9kW of PV panels. This is made up of a total of 36, 250W PV 
panels and a 5kW generator. The inverter was 8kW and the battery bank comprised of 12 batteries. 
The resulting NPC was R599 750. This was made of a cost of energy at 2.96 R/kW and an operating 
cost of R15 472. The fuel input costs across the 25 year lifetime were R7 991. The renewable fraction 
of the system was 77.8% which is high, and the unmet load was less than half of one Watt which 
means all load was supplied. The generator used 725 l of fuel and ran for 636 h. 
 
The quick-form macroeconomic analysis of Table 4.1 had a great influence on the HPS inputs (please 
see Appendix D). The resulting outputs of the system in [2] which was done a while ago and focused on 
architecture and technical design, will be parallelled with this research thesis that took into account 
macroeconomic factors before the technical factors. The three yo four year time between [2] and this 
research thesis has changed one non-mcacroeconomic item that affected the results of this research 
thesis: HOMER software has become more user friendly, withincreased functionality and is able to 
manage larger amounts of data. 
 
A table comparing the previously simulated literature case of Stellenbosch [2] with this research 















Difference and reason Impact of change 




R594 480 R599 750 0.879% difference. This 
was one of the two 
expected outcomes. 
Either the simulated 
system is cheaper or it is 
very close to [2]. 
The macroeconomic 
analysis affected the 
component choice 
(please see Appendix E 
Table E1) and system 
constraints (please see 
Appendix D Table D8) in 
a positive way. The new 
system is almost as cheap 
as four and ahalf years 
ago when the exchange 
rate was 7R/$ [187], 
almost half what it is 
now, 11 R/$ [183]. 
Load pattern 
 
5.6 kW peak. 5.6 kW 
peak. 
None. It was assumed in 
the IRP 2010 of RSA [179] 
that by 2015, 40% of all 
housholds will fall into 
the living standard 
measure that can afford 
solar PV on their rofftops. 
This was a good reason to 
stick with the load pattern 
of [2] because urban area 
dwellers in Stellenbosch 
are well-off so this load 
pattern is justified. 
N/A 
Interest rate 6% 9.25% This	   simulation’s	   interest	  
rate was higher because 
that is the real value. 
In HOMER, all 
components rise in price 
using the same inflation 
rate, which is good for 
simplification. This 
research thesis finds that 
this is very inaccurate for 
long term planning 
because all governments 
have a target range for 
inflation. Perhaps HOMER 
could take into account 
the inflation range, and 
not value, as per each 











Difference and reason Impact of change 
Renewable 
energy fraction 
62.5% 77.8% This simulation provided 
over 10% more 
renewable energy. This is 
because of the use of 
biodiesel as opposed to 
diesel. And this 
simulation used more 
solar power in terms of 
kW from panels, to supply 
the load. 
Renewable energy 
targets are met in both 
simulations. This 
simulation just has more 
that could be gained from 
selling Carbon credits. It 




1 922 l/yr 636 l/yr This simulation uses no 
diesel, only biodiesel. The 
diesel consumption in this 
simulation was two thirds 
less than in [2]. The 
reason is because 
There are no harmful 
emissions from the HPS. 
This has yielded a good 
question: What happens 
if the PV panel cost and 
the biodiesel cost are on 
downward curves? Does 
that mean the 
optimisation would be 
thrown off? Probably not, 
because there would be 
an error if the final cost 
were to reach zero. But 
again this is impossible 
because of inflation and 
VAT. Furthermore finding 
a good feedstock for 
biodiesel is a global 
concern, and although it 
is a proven technology, as 
said in the Literature 
review, not all farmers 
are getting sufficient 
return to justify an 
investment into selling 
crops for specifically such 
























More law came into effect 
since 2011 and more 
standards were 
developed. More private 
investors are also willing 
to fund renewable energy 
projects. 
The country, RSA, is 
proving to be the most 
advanced in Africa. The 
uptake is not as fast as 
Europe but there are 
inroads being made to 
remain technologically 









Difference and reason Impact of change 
Strategies and 
policies 
and	   policies’ factor has 
spill-over into the social 
aspect	   of	   ‘Residents 
attitude’, because now 
people are more willing 
to have solar on their 
own roofs because the 
government is making it 
seem like a safe 
technology. There is a 
phasing in of policies 
around locally produced 
biodiesel in RSA and this 
is still to be adopted by 
industry, through them 
procuring biodiesl to 
remain compliant. 








In 2011, the IRP [179] had 
just come out. Panels 
costed over R20 000 per 
kW, and in 2015 they cost 
under R15 000 per kW. So 
the minimisation of 
panels required was 
helpful. 
Today bigger Solar PV 
systems can be built 
using the same amount of 
money.  
 
The PV panel sizes that were considered were 1 to 9kW.  A 1kW panel is not commercially available 
and sizes available in RSA range from 10W to 300W. So, the 1kW requirement was met by joining four 
250W panels. This was still relatively affordable and the cost per panel in 2014 is less than when the 
local resource plan estimate from 2010 [179]. 
 
The 5kW generator is highly variable in cost. The 5.5kW generator was cheaper in 2011 [2] than a 
5kW	  generator	  in	  today’s	  Rand	  terms. This is mostly due to the load shedding that has been happening 
in RSA which has led to suppliers inflating their generator prices. This situation has worsened since 
the end of 2014 because 2 power stations that should have been completed by Eskom in 2013 and 
2014, have not been completed. Thus a 5kW diesel generator can cost anything from R12 999 to 
R16 999 depending on location, because of a higher rate of blackouts in a particular area.  
 
The battery used was made by Trojan, a prominent battery maker for deep cycle batteries. They are 
popular for having a large share of the electric golf cart market. They provide 2V, 4V and 6V batteries, 
however for consistency with past research [2,169] only one battery was considered. The considered 
battery had 2V, 1520 Ah and the variability optimized by the simulation was the number of batteries 





It was difficult to find biodiesel factors to change within the software. For example, the energy output 
of 11 MJ/kg present could not be changed. Biodiesel has about 10% less heat released than diesel 
when combusted [1] and has a lower Calorific value compared to traditional diesel. These could not be 
inputted as variables. 
 
The most cost effective system used a 9kW panel and yielded a cost of 2.96 R/kW. By only changing to 
use an 8kW panel the cost became R3.11 and the renewable fraction dropped from 77.8% to 72.4%. 
This is a large drop in renewables and the biodiesel use rose from 725 l to 903 l. This affects the 
macroeconomics because more is spent on importing the environmentally friendly fuel. 
 
4.3.2 Economic discussion 
HOMER factors out inflation from the calculations by requiring the interest rate and the inflation rate 
[119]. This way the real interest is achieved and applied to each component in the same manner. For 
the results the lending rate was 9.25% and the inflation rate was 5.3% resulting in a real interest rate 
of 3.95%. 
 
The real interest rate is marginally greater than the projected GDP growth of RSA until 2018 [10]. It 
should be considered that the costs of the components in the simulation are inclusive of VAT which is a 
14% surcharge in RSA. For a larger corporate with a certain minimum turnover they can claim back 
VAT, meaning they can claim from the local Tax Revenue Service the 14% surcharge that was added. 
So in a reality for a company and not an individual, the NPC of the HPS will be even less than R599 750. 
 
The R/$ exchange rate has deteriorated since December 2011. It was 8R/$ and in 2015 it was at 
11.58R/$. This simulation was optimistic by assuming the latest annual average, which yielded 11R/$, 
but this is still very high. There should be a comparison of imports from various countries with certain 
raw materials such as biodiesel, because of the currency risk that is within foreign trade. 
 
4.4 Conclusion 
The software was very useful in running the simulations. It has evolved and become a lot more user 
friendly since 2011. The macroeconomic analysis definitely helped in reducing the number of 
assumptions made within the simulation. 
 
The macroeconomic analysis has been very useful in informing the overall results. Multiple facets of 
the analysis helped interpret the results and size the HPS correctly. 
 
By factoring out inflation, and using the real interest rate [119] the costing of the system was much 
more accurate. The aim of RSA to have 25% renewable energy generation in their energy mix [184] 
has been achieved by the system optimising and getting over 70%. 
 
The Literature review covered bioethanol and biodiesel. Once the quick-form analysis was done, it was 
clear the biodiesel is the better option to model. The choice of only using biodiesel was clear because 
the capital cost and running cost of biodiesel is lower than bioethanol. Also, in RSA, the bioethanol mix 





5.0 Concluding remarks 
In order to dovetail all the work done within this research thesis, the aims set out at the start will be 
highlighted, and the success or failure therein. 
 
This research was successful technically because the HPS could supply the same load as past research. 
It was also succesful socially and politically because all the national resource plan targets were met 
within the design. Also financially because the NPC is extremely close to the past	  research’s	  NPC. When 
comparing the results against past research [2] in 2011 they achieved a NPC of R594 480 with a diesel 
cost of 0.9$/l at an exchange rate of 8R/$. This is slighly lower than the simulations presented in this 
research thesis in 2015, which yield a NPC of R599 750 with a diesel cost of 1$/l at an exchange rate of 
11R/$. The results are within 0.879% accurcy of each other therefore it is evident that taking into 
account all the macroeconomic factors is financially useful in designing a HPS. 
 
This research thesis has successfully developed and used a macroeconomic approach to designing a 
HPS. There is certainly more accuracy and financial benefit through systematically doing 
macroeconomic research before making assumptions and technically modelling. 
 
The factors that often limit realistic designing of a HPS have instead been positively used in the design. 
This research has shown usefulness in RSA, a country experiencing blackouts, and in Turkey, Chinese 
Taipei, Australia and India. 
 
5.1 Recommendations for further research 
Further extensions of this research can consider: 
 
x Recycling of wasted heat by doing an  exergy analysis of the HPS; 
x Macroeconomic plus a microeconomic analysis; 
x More countries and areas around the world; 
x Using this in industry to help find where planned blackouts can be mitigated in South Africa, 
and which spots are possibly economically feasible for a Solar PV/Diesel HPS; and 
x The simulation can take into account transportation costs, because the distance to load centre 
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7.1 Appendix A: Global solar radiation maps  
 
Figure A 1: China annual average solar radiation [44]. 
 
 






Figure A 3: Turkey annual average solar radiation [44]. 
 
 







7.2 Appendix B: Economic Indicators 
 
 
Figure B 1: EU27 Government gross debt as a percentage of GDP [23]. 
 
 








Figure B 3: EU Factors around renewable energy development [111]. 
 
 
Figure B 4: Consumer Price Index (CPI) representing inflation percentage [180]. 
 
 


















7.3 Appendix C: Power system 
 
 
Figure C 1: Major publications on hybrid power systems until 2009 [122]. 
 
 






7.4 Appendix D: Simulation input summary 
Table D 1: Project location 
Location Blaauwklippen Road, South Africa 
Latitude 33 degrees 58,72 minutes South 
Longitude 18 degrees 51,65 minutes East 
Time zone Africa/Johannesburg 
 
Table D 2: Load 
Data source Synthetic 
Daily noise 0% 
Hourly noise 0% 
Scaled annual average 34,600 kWh/d 
Scaled peak load 5,6000 kW 
Load factor 0,2574 
 
 
Figure D 1: Hourly load pattern [169] 
 
Table D 3: Generic flat plate crystalline PV modules 
Size (kW) Capital (R) Replacement (R) 
1,00 R 11 728,00 R 5 864,00 
Sizes to consider 0,1,2,3,4,5,6,7,8,9 
Lifetime 25 yrs 
Derating factor 80% 
Tracking system No Tracking 
Slope 29,9˚ 
Azimuth 180,0˚ 






Figure D 2: Solar resource 
 
Table D 4: Diesel generator 
Size (kW) Capital (R) Replacement (R) 
1,00 R 16 530,00 R 0,00 
Sizes to consider in kW 5,6 
Lifetime 15 000 hrs 
Min. load ratio 30% 
Heat recovery ratio 10% 
Fuel used Biodiesel 
Fuel curve intercept 0,0800 L/hr/kW 
Fuel curve slope 0,2000 L/hr/kW 
 
Table D 5: Fuel Biodiesel 
Price R 11,03/L 
Lower heating value 11,0 MJ/kg 
Density 880,00 kg/m3 
Carbon content 0,0% 
Sulfur content 0,0% 
 
Table D 6: Battery Trojan 
Quantity Capital (R) Replacement (R) 
1 R 8 958,95 R 4 479,48 
Quantities to consider (one string quantity 
has six batteries) 
1,2,3,4,5 
Voltage 2 V 
Nominal capacity 1 520 Ah 








Table D 7: Converter 
Size (kW) Capital (R)  
6,00 R 46 028,00  
8,00 R 55 841,00  
12,00 R 68 257,00  
Sizes to consider 0,6,8,12 kW 
Lifetime 15 yrs 
Inverter can parallel with AC generator Yes 
 
Table D 8: Economics 
Annual real interest rate rounded down 9% 
Project lifetime 25 yr 
Capacity shortage penalty R0/kWh 
System fixed capital cost 0 
System fixed O&M cost 0 
 
Table D 9: System control 
Check load following No 
Check cycle charging Yes 
Setpoint state of charge 80 
Allow systems with multiple generators Yes 
Allow multiple generators to operate 
simultaneously 
Yes 
Allow systems with generator capacity 
less than peak load 
Yes 
 
Table D 10: Constraints 
Maximum annual capacity shortage 2 % 
Minimum renewable fraction 10 
Operating reserve as percentage of hourly 
load 
0 
Operating reserve as percentage of peak 
load 
10 
Operating reserve as percentage of solar 
power output 
25 








7.5 Appendix E: Components chosen 
Table E 1: Components chosen 
















































7.6 Appendix F: Screenshots from simulation 
  
Figure F 1: Location of HPS 
 
 
Figure F 2: Solar GHI of HPS 
 
 






Figure F 4: Load pattern 
 
 
Figure F 5: Economic inputs 
 
 






Figure F 7: Battery input 
 
 
Figure F 8: PV panel input 
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